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On  Testing  the  Equality  of  Two  Proportions 

by 

David  Berengut  and  Albert  John  Petkau 


1.  Introduction. 

Consider  the  problem  of  testing  the  null  hypothesis  of  the  equality 
of  two  probabilities  HQ:  Px=Py-  If  in  a set  of  independent 

Bernoulli  trials  governed  by  p , we  observe  X successes  and  in  another 
set  of  riy  independent  trials  governed  by  py,  we  observe  Y successes, 
then  by  the  Central  Limit  Theorem  the  random  variable 


PX  = PY  and  n^.  and  n^  both  approaeh  infinity.  Since  px  and  py 
converge  in  probability  to  px  and  py  respectively,  when  HQ  is  true 
the  statistic 


will  also  be  asymptotically  distributed  as  N(0,l).  Alternatively,  when 
Hq  is  true  and  px  = py  = p say. 


1 


PX(1~PX)  P^l-Py) 


= P(l-P)  (—  + — ) , 

Ky.  ry  9 


and  p can  be  consistently  estimated  by  the  pooled  value  p = (X+X)/ (nyy ) . 


Hence  when  HQ  is  true  the  statistic 


Z2  " 


px  - Py 

p(i-p)(—  + — ) 

^ ^ Ily' 


converges  in  distribution  to  N(0,l)  as  y and  y both  approach 
infinity.  To  test  HQ  against  a two-sided  alternative  we  could,  there- 
fore, use  either  the  critical  region  |z^|  > z ^.^2  = 0L  'l*ere  ® 

is  the  standard  normal  cumulative ) or  the  critical  region  |Z2|  > y^/2 
to  obtain  a test  of  size  approximately  a, 

Robbins  [12]  has  recently  raised  the  question  of  which  of  these  two 
procedures  is  better  with  respect  to  power  against  the  various  possible 
alternatives  to  HQ.  He  conjectured  that  the  procedure  based  on  Z^ 
would  be  better  in  general,  but  possibly  not  for  all  values  of  n^  and 
ny  He  further  pointed  out  that  in  the  case  n^  = y.  it  is  always  true 
that  jZ-J  > |Zg|,  with  equality  only  when  X = Y.  Thus,  in  this  special 
case,  the  critical  region  jz^|  > a P°wer  function  which  is  never 

below  that  of  the  region  |Z2I  >zi_a/2  ’ follows>  of  course,  that  the 
same  relation  holds  for  the  significance  levels. 
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The  purpose  of  the  present  paper  is  to  examine  the  question  raised 
by  Bobbins.  Vhile  asymptotically  one  can  make  meaningful  power  compari- 
sons (since  both  tests  have  the  same  level  asymptotically),  for  finite 
sample  sizes  any  comparison  of  the  two  procedures  must  consider  not  only 
power  but  also  actual  significance  level.  In  Section  2 we  present  some 
calculations  which  indicate  the  regions  of  the  parameter  space  in  which 
each  of  the  two  procedures  is  asymptotically  better.  In  Section  3 we 
outline  a program  for  calculating  the  probability  of  rejection  for  each 
of  these  procedures  for  finite  sample  sizes  and  briefly  discuss  the 
resultant  tables.  Several  alternative  procedures  are  briefly  discussed 
in  Section  4 and  concluding  remarks  are  made  in  Section  5. 


2.  Asymptotic  Considerations . 

Asymptotically,  both  procedures  achieve  the  nominal  level  of  signi- 
ficance. Thus,  for  large  sample  sizes,  it  is  reasonable  to  try  to 
compare  the  powers  of  the  two  tests. 

Setting  N = and  f = it  is  easily  seen  that  for  large 

N the  distribution  of  is  approximately  N(A,l)  where 


(2.1) 


A = 


(px-py) 


“ 


Py(l— Px)  ^ Py^-Pv^ 


1-f 


Similarly,  for  large  N , the  distribution  of  Zg  is  approximately 

2 ^ 

N (a* 7 ,y  ) where 
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(2.2) 


2 (1-f)PX(l-PX)  + fPy(l-Py) 

7 = * 

The  probability  of  rejection  of  the  tests  based  on  Z±  and  Z, 2 can  thus 
be  approximated  by  P-^ (Pj^Py ) a-nd  P^  (px,Py ) respectively  where 

(2.3)  P-L(PX^PY-)  = 1~$(zi_a/2"A)  + 1 " '1>(zi_o/2+  A^ 

and 

(2->0  ^(Px-%)  = ) . 

It  follows  that  pj  > P*  if  and  only  if  7 < 1,  which  can  be  shown  to 
be  equivalent  to  the  condition 

(2.5)  (Px-PY)((l-2f)(px+py-l)+f(l-f)(px-pY)}  >0  . 


This  inequality  partitions  the  parameter  space  into  regions  bounded  by 
the  straight  lines 


px  = Py 

and 

[l-2f-f(l-f)]pY  + [l-2f+f(l-f)]px  = l-2f  . 

The  latter  is  a line  passing  throu#i  (|>  which  rotates  clockwise  as 
f increases.  These  regions  are  illustrated  in  Figure  1.  It  is  worth 


k 


noting  that  the  proportion  of  the  parameter  space  in  ■which  p*  p*  * „ 

12 

equal  to  ^ when  f is  equal  to  0 or  1 and  increases  to  1 as  f 
approaches  ~ . 

These  asymptotic  calculations  lend  some  support  to  the  conjecture  of 
Robbins  and  suggest  that,  at  least  for  large  sample  sizes,  the  test  based 
on  Zy  might  be  preferred  particularly  when  the  two  sample  sizes  are 
approximately  equal.  Since  Z 2 is  the  statistic  most  commonly  used,  it 
is  of  interest  to  compare  the  two  test  procedures  for  smal  ~i  «nri  moderate 
sample  sizes. 


3 • Exact  Calculations. 

Denote  by  P^P^Py)  an<^  ^2^)X,^Y^  exact  probabilities  of 

rejection  of  the  procedures  based  on  Z^  and  Z^  respectively.  Recall 
that  we  are  interested  in  the  two-sided  alternative  to  the  null  hypothesis 
of  equality  of  the  two  probabilities  px  and  py.  Since  both  statistics 
have  the  property  that  their  absolute  value  at  the  point  X = x,  Y = y 
is  equal  to  their  absolute  value  at  the  point  X = r^-x,  Y = n^-y,  the 
point  (x,y)  is  in  the  critical  region  if  and  only  if  the  point 
.(nx-x,nY-y)  is  in  the  critical  region.  It  follows  that 


t3*1)  Pi(Px,PY)  = P1(l-px,l~PY),  i=l,2  . 

In  the  case  of  equal  sample  sizes  the  absolute  value  of  each  statistic  at 
the  point  X = x,  Y = y is  equal  to  its  absolute  value  at  the  point  X = y, 
Y = x.  Thus  in  the  case  of  equal  sample  sizes 
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(3.2) 


Notice  further  that  both  statistics  are  indeterminate  at  the  points  (0,0 ) 
and  (nx,nY),  neither  of  which  should  be  included  in  the  rejection  region. 
For  the  test  based  on  ZL  one  finds 


(3.3)  PdzJ  > z)  = 1-P{( 


£--2-)  < z2 . [2L  (1  _ L.)  L_  + L.  (1 . 1_)  i_] ) 

“x  V " Sc  V ”x  “r  V V 


Note  that  this  displays  the  boundary  of  the  acceptance  region  (corresponding 
to  any  a)  of  the  procedure  based  on  as  an  ellipse  passing  through 

the  points  (0,0 ) and  (n^. 


One  can  write 


(3.4) 


P(|Z1I  > z)  = 1 


where  b (n,pjy ) is  the  probability  that  a binomial  random  variable  with 
parameters  n and  p takes  on  the  value  y and  Q^Sw)  is  a quadratic 
expression  given  by 


(3.5)  - »2(1  ♦ £)  - + £)  + t <*-)*  ’ & + 0 -fc  ' £> 


2 2 y 2 _2  _2 

*V  ^ “S  ' "i'  V 


The  roots  of  this  quadratic  are 


2 

V z 

- f 7- 

ny  21^  - 


-2-)  an.  (1 . y_)  + 
VV  “r  V 
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Denoting  the  smaller  of  these  two  roots  by  rx(y)  and  the  larger  by  r (y), 
one  can  express 

"r 

(3.6)  PCIZjlI  > z)  = 1 - £ b^Pyjy)  • Pfry^fr)  < X < lyr^y)) 

which  yields  ^(Pj^Py)  when  z-L_o;^2  is  substituted  for  z.  Notice  that 
^ien  y = 0,  the  smaller  root  is  equal  to  zero  and  when  y = ny,  the 
larger  root  is  equal  to  one.  Thus  the  points  (0,0)  and  (n^riy)  are 
handled  correctly  when  the  probability  of  rejection  is  evaluated  according 
to  0.6). 

Proceeding  in  a similar  fashion  for  the  test  based  on  Zg,  one  finds 

(3.7)  P(|Z2|  > z)  . 1-P((?L  - < z2[£2.  (1  - **)(i-  + i-)])  . 


Again  the  boundary  of  the  acceptance  region  (corresponding  to  any  a)  is 
311  eHipse  passing  throu^i  the  points  (0,0 ) and  (n^,ny).  One  can  write 

“y 

(3.7)  P(|Z2I  > z)  = 1 - l b(Vi.;y)  . P(Q(2)(J-)  <0) 

y=o  y "x 

(2) 

where  Q^.  '(w)  is  a quadratic  expression  given  by 


2 

Z “X. 


+ { (Z-)2 . a + LH*)  . y. s £}  . 

V Vs'  ”r  Y 


The  roots  of  this  quadratic  are 


8 


2-  (1 
nr 


— — ) + ~ — 

N ' 2ny 


+ 2 (i_  + i_)  SL.  (X  _ 

" V \ 


2 

2 ,nx 


Denoting  the  smaller  of  these  two  roots  by  s^(y)  and  the  larger  by  s (y). 


one  can  express 


(3.10) 


P(|ZJ  > z)  = 


1 - 1 t>0vp v;y) 

y=o 


P(Vsi(y)  1 x < iys2(y)) 


which  yields  P^Cp^Py)  when  is  substituted  for  z.  Again  when 

y = 0,  the  smaller  root  it  equal  to  zero  and  when  y = ny,  the  larger 
root  is  equal  to  one. 

One  of  the  authors  (A. J.P. ) has  written  a computer  program  to  evaluate 
the  exact  probabilities  of  rejection  according  to  equations  (3.6)  and  (3.10) 
as  well  as  the  approximations  to  these  probabilities  provided  by  equations 
(2.3)  and  ( 2.4 ).  A listing  of  this  program  is  provided  in  Appendix  A.  The 
program  accepts  a vector  of  sample  sizes  as  input  and  then  for  every  pair 

ny)  with  riy  less  than  or  equal  to  iiy  produces  a table  of  probabilities 
of  rejection.  Each  row  in  the  table  corresponds  to  a particular  pair 
(Px>Py)  and  the  entries  in  the  row  are  Py,  P*,  P2  and  Pj  at  both  the 
5 and  1 percent  levels.  Due  to  the  property  (3.1)  only  one-half  of  the 
complete  table  for  any  particular  (n^riy)  pair  need  be  evaluated.  To 
obtain  these  probabilities  of  rejection  for  (n^iiy)  pairs  for  which 
is  greater  than  ny,  one  need  only  interchange  the  roles  of  X and  Y. 

This  program  has  been  run  for  the  case  n^Hy  = 5,10,15,20,25,30,40,50  and 
PX,PY  = 0.05  (0.05)  0.95  and  the  resulting  tables  appear  in  Appendix  B. 
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In  these  tables  the  numbers  in  the  columns  headed  ZL  and  Z2  are  the 
probabilities  P^ 

in  the  columns  headed  Z1A  and  Z2A  are  the  approximations  P*(pv,pv) 

-LAX 

and  p|(px,Py)  respectively. 

As  well  as  providing  a detailed  comparison  of  the  tests  based  on  the 
statistics  Zy  and  Zg,  these  tables  permit  an  examination  of  how  well 
the  asymptotic  formulae  approximate  the  actual  behavior  of  these  procedures. 
Although  the  asymptotic  formulae  would  not  be  expected  to  be  very  accurate 
when  both  sample  sizes  are  small,  these  tables  reveal  that  erven  for  relatively 
large  sample  sizes  the  asymptotic  formulae  can  be  somewhat  misleading.  In 
Figure  2 the  actual  level  of  significance  obtained  using  these  procedures 


(px,Py)  and  P2(px,pY)  respectively  while  the  numbers 


is  graphed,  at  both  nominal  levels,  as  a function  of  p = Py  = Py  for  the 


case  Uy  = riy  = 50* 

1 

p = Px  = Py  near  g- 


This  figure  demonstrates  that  even  for  values  of 
the  actual  levels  can  be  substantially  removed  from 


the  nominal  levels  even  in  this  case  of  reasonably  large  sample  sizes.  It 


has  already  been  pointed  out  that  in  the  case  n^  = ny,  it  is  always  true 
that  P-Jp^Py)  > P2(px,Py);  in  particular,  Px(p,p)  > P2(p,p).  Figure 
2 reveals  that  at  least  for  this  particular  case,  P2(p^p)  is  closer  to 
the  nominal  level  than  P^(p,p),  except  possibly  for  values  of  p very 
close  to  0 and  1.  The  analogous  graphs  for  the  cases  n^=kO,  ny  = 50 
and  n^.  = 50,  ny  = 40  are  displayed  in  Figures  3 and  In  these  cases 
the  superiority  of  the  test  based  on  Z2  over  that  based  on  Zj_  in  producing 
levels  close  to  the  nominal  levels  is  even  more  marked.  Examination  of  the 


tables  reveals  that  at  least  for  reasonable  sample  sizes  this  observation  is 
quite  generally  true:  Except  possibly  at  extreme  values  of  p (p  < 0.10, 
p >0.90),  the  test  based  on  the  statistic  Z2  tends  to  produce  levels 
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o.o6o 


0.055 


0.050 


0.0^5 


0.040 


0.015 


0. 


0.005 


0.000 


closer  to  the  nominal  levels  than,  that  based  on  Z^j  more  particularly, 
the  procedure  based  on  Z^  tends  to  produce  levels  -which  fluctuate  slightly 
nominal  level  -while  the  procedure  based  on  Z1  tends  to  produce 
levels  substantially  greater  than  the  nominal  level. 

Some  indication  of  the  improvement  of  the  asymptotic  formulae  with 
increasing  sample  sizes  is  provided  by  Figure  5.  Here  the  true  levels 
obtained  using  these  procedures  under  nominal  level  0.05  are  graphed  as  a 
function  of  n = n^.  = n^  for  various  values  of  p = p^  = p^.  Figure  5 
suggests  that  the  convergence  to  the  nominal  level  is  rather  slow  even  in 
the  case  of  equal  sample  sizes.  Similar  behavior  can  be  observed  in  the 
case  of  nominal  level  0.01. 

Since  the  two  tests  are  not  comparable  in  terms  of  significance  level 
for  moderate  sample  sizes,  it  is  difficult  to  make  very  meaningful  comparisons 
of  their  powers.  Nevertherless,  after  some  examination  of  the  power  tables, 
the  following  general  observations  can  be  made: 

1)  For  u(=  ny+xiy)  > 60  and  min(ny,ny)  > 20,  the  comparisons  based 
on  asymptotics  given  in  Section  2 provide  a reasonably  accurate  picture  of 
the  relative  powers  of  the  tests  based  on  Z1  and  Zg. 

2)  For  a given  if,  the  maximum  value  of  | P,  (p  , p ) — P (p  ,p  )|  tends 

x y d x y 

to  increase  as  f(=  n^/H)  moves  away  from  For  example,  under  a=0.05, 
when  riy  = ny  = hO  the  maximum  is  0.020  (achieved  at  the  grid  point 
(.20,. ho)),  vhereas  -when  n^  = 30,  n^  = 50  the  maximum  is  0.lh5  (achieved 
at  the  point  (.05,.15)). 


3)  The  maximum  of  E^-Pg  generally  exceeds  the  maximum  of  P2~p  . 

For  example,  under  a = 0.05,  n^.  = 30,  n^  = 50,  the  maximum  of  p -p 

is  0.145  (noted  above)  whereas  the  maximum  of  P ^ is  0.044  (achieved 
at  the  point  (.30,. 15). 

Observation  (2)  suggests  that  the  choice  between  and 
becomes  less  crucial  as  the  sample  sizes  approach  equality.  In  particular, 
^ien  the  sample  sizes  are  equal,  although  dominates  P2  uniformly 

their  difference  tends  to  be  uniformly  small  and  one  might  be  inclined 
to  accept  the  slightly  less  powerful  test  based  on  Z2  in  order  to 
achieve  significance  levels  closer  to  the  nntrn  nai  level.  For  equal 
sample  sizes  vhich  are  sufficiently  large  that  significance  level  is 
no  longer  a consideration,  the  test  based  on  would,  of  course,  be 
preferred. 

On  the  other  hand,  if  f is  not  close  to  the  choice  of  test 

would  seem  to  merit  more  careful  consideration.  The  greater  the  difference 
in  sample  sizes,  the  greater  the  potential  advantage  in  the  right  choice  of 
test.  Thus,  if  the  sample  sizes  are  such  that  one  is  prepared  to  accept 
the  significance  levels  achieved  by  the  test  based  on  Z±,  then  the  choice 
of  test  should  be  determined  by  power  considerations.  If  there  is  an  a 
priori  reason  for  being  concerned  with  a particular  region  in  the  parameter 
space,  then  the  choice  might  be  determined  by  how  P1  and  P2  compare 
over  this  region.  In  this  regard,  the  considerations  of  Section  2 would 
prove  a helpful  guide,  modulo  observation  (1).  In  the  absence  of  any  such 
a priori  concerns  the  preferable  choice  would  appear  to  be  Z since  its 
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region  of  advantage  covers  more  than  half  of  the  parameter  space.  Moreover, 
by  observation  (3),  the  relative  advantage  of  tends  to  exceed  that 

°f  z2. 


4.  Alternative  Procedures. 


The  introduction  of  the  test  based  on  as  a competitor  to  the  test 

based  on  Z2  leads  one  to  consider  other  tests.  If  W ~ B(n,p)  the 

uniformly  minimum  variance  unbiased  estimate  of  p(l-p)  is  given  by 
W / W\  n 

— (1  - — j • . Thus,  one  might  consider  replacing  the  statistics  Z 

and  Z2  by  the  statistics  Z*  and  Z*  defined  as 


(4.1) 


N 


A A 

PX  “PY 

Px(1-Px)  Py^-Py) 
ii^-i  + ny-1 


(4.2) 


Z*  - 
Z2  “ 


A 

px 


J 


p(l-p) 


JL 

N-l 


(-i  + 

“x 


These  modifications  strictly  reduce  the  magnitude  of  each  statistic  and 
consequently  the  probability  of  rejection  for  the  test  based  on  Z*  (Z*) 
will  be  no  greater  than  that  of  the  test  based  on  Z^(Z  ).  Expressions 
for  the  exact  probabilities  of  rejection  for  these  modified  procedures 
can  be  determined  as  in  Section  3 and  trivial  modifications  to  the  computer 
program  permitted  evaluation  of  these  probabilities.  Examination  of  the 
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is  an  improvement 


levels  attained  leads  to  the  observation  that  \diile  Z* 
over  Zv  the  levels  attained  using  Zj  are  still  too  large.  By  contrast, 

^2  ^oes  nob  aPPear  be  an  appreciable  improvement  over  Z^j  in  fact,  it 
tends  to  be  conservative. 

Another  possible  test  would  be  one  based  on  the  statistic  defined 

■by 


(^.3) 


which  for  large  sample  sizes  is  approximately  N(0,l)  under  HQ.  An  expression 
for  the  exact  probability  of  rejection  for  the  test  which  rejects  when 
I ^ I > zi_q/2  can  easily  be  determined  and  minor  modifications  to  the 
computer  program  permitted  evaluation  of  these  probabilities.  Examination 
of  the  levels  attained  reveals  that  while  for  moderate  sample  sizes  and 
intermediate  values  of  px  = Py  = p (0.2  < p < 0.8)  this  test  behaves  very 
much  like  that  based  on  Z*,  for  more  extreme  values  of  p it  tends  to 
produce  significance  levels  very  much  in  excess  of  the  nnnri  nqi  levels.  For 
example,  in  the  case  = iiy  = 50,  a = 0.05  the  true  significance  level 
is  0.062  at  p — 0.10,  and  0.128  at  p — 0.05»  Hence,  for  the  range  of 
sample  sizes  being  considered  in  this  paper,  we  would  not  recommend  use  of 
this  test. 

In  the  normal  theory  context,  the  problem  analogous  to  the  one  considered 
here  is  that  of  testing  the  equality  of  two  means.  The  usual  t-statistic 
for  this  problem  is 
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(4. 4) 

■where 


(4.5) 


[I(X.-X)2  + £ (Yi-Y)]2/(N-2) 


o 

If*  one  replaces  s by  s^,  where  is  the  unbiased  estimator  of  the 

variance  treating  the  two  samples  as  a single  sample,  the  resulting 
statistic,  denoted  by  t-^,  can  be  shown  to  satisfy  the  identity 


(4.6) 


*2  (N-l )tc 

^1  “ 2 
N-2+t 


2 2 

Since  t±  is  increasing  in  t , tests  based  on  these  two  statistics 
are  equivalent. 

For  binomial  samples,  it  turns  out  that  ^ is  identical  to  Z*, 
considered  earlier.  Thus  a formal  application  of  the  normal  theory 
procedure  results  in  the  following  test: 


(4.7) 


2 (N-l.  )4j^_2  . i-€t/2 

Reject  Hq  if  Z*  > * 

N-2+tR-2;l-a/2 


where  t ^2',l~a/2  is  the  (1-0:/2)  quantile  of  Student's  t -distribution 
with  N-2  degrees  of  freedom. 

In  the  same  way,  for  binomial  samples,  it  is  easily  seen  that  Z*  is 
identical  to  Welch's  form  of  the  t-statistic,  given  by 
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(4.8) 


X - Y 


where  and  are  the  individual  sample  variances  (see  for  example, 

Brownlee  [2] ). 

Under  the  normal  theory  assumptions,  tg  has  approximately  a 
Student  t -distribution  with  h degrees  of  freedom,  where 


~2 + ~p  

n^^-1)  ny(ny-l) 


(4.11)  Reject  H0  if  Z f > t£;1_a/2  . 

Thus  the  normal  theory  analogy  leads  to  the  statistics  Z*  and  Z* 
which  were  considered  earlier;  however,  in  the  tests  proviously  considered 
the  statistics  were  referred  to  the  standard  normal  critical  points.  It 
might  be  of  interest  to  examine  the  performance  of  the  tests  given  by  (b-.j) 
and  0j-.11)  thou^i  this  has  not  been  done  here. 
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5.  Discussion. 


simplicity  of  the  calculations  involved,  in  determining  the 
power  of  these  procedures,  it  is  somewhat  surprising  that  these  computations 
do  not  seem  to  have  been  performed  previously.  The  earliest  efforts  in 
this  direction  were,  except  for  a veiy  few  exact  calculations,  limited  to 
approximations  based  on  asymptotic  theory.  Patnai k [10]  presents  an 
approximate  method  for  computing  the  power  of  the  test  based  on  Z, and 
compares  his  approximation  with  some  exact  calculations  presented  in  an 
earlier  paper  by  Pearson  [11].  Sillitto  [13]  considers  an  approximation 
to  the  power  function  of  the  same  procedure  based  on  the  use  of  the  angular 
transformation  and  compares  the  results  obtained  to  the  earlier  work  of 
Patnaik  and  Pearson.  Bennett  and  Hsu  [l]  evaluate  the  exact  power  function 
for  Fisher's  exact  test  making  use  of  the  tables  of  the  rejection 
regions  for  this  test  prepared  by  Finney  [3].  Harkness  and  Katz  [7] 

consider  the  uniformly  most  powerful  unbiased  test  and  present  some  exact 
evaluations  of  the  power  function  of  this  test  as  well  as  an  asymptotic 
approximation  to  this  power  function.  Meng  and  Chapman  [9]  consider  the 
asymptotic  power  of  chi-square  tests  for  general  rxc  contingency  tables. 

In  a paper  concerned  mainly  with  examining  the  continuity  correction  to 
the  chi-square  test  for  a 2x2  contingency  table.  Grizzle  [6]  presents 
the  results  of  some  simulation  experiments  which  (for  the  case  of  equal 
sample  sizes)  estimate  the  actual  level  attained  by  the  test  based  on  Zg. 

The  corresponding  exact  results  are  presented  in  a paper  by  Kurtz  [8]  who 
undoubtedly  used  a method  of  calculation  similar  to  ours*.  Gail  and  Gart  [4] 

* " * ~ 

Kurtz's  Table  1 apparently  contains  an  error.  Our  calculations  indicate 

that  the  entry  for  ^=1^=40  and  p^=p2=0.1  should  read  O.O587  not  O.0567. 
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perform  power  calculations  for  Fisher's  exact  test  to  obtain  tables  of 
sample  size  requirements  for  specified  powers.  Garside  and  Mack  [5] 
consider  several  test  procedures  and  evaluate  the  actual  levels  attained 
by  these  tests. 

The  primary  aim  of  this  paper  was  to  compare  the  tests  based  on  Z 
and  Z2»  Whereas  Z^  has  been  considered  by  a number  of  authors,  the 
performance  of  tests  based  on  Z^  does  not  appear  to  have  been  considered 
previously.  The  results  of  our  calculations  suggest  that  no  clear-cut 
overall  choice  can  be  made  between  Z^  and  Z . On  the  one  hand,  Z 
exhibits  superior  behavior  in  achieving  the  nominal  significance  level 
while, on  the  other  hand,  Z tends  for  the  most  part  to  have  higher 
power.  There  can  be  no  general  agreement  on  how  these  factors  should 
be  weighed  against  each  other  and  for  any  particular  case  the  choice  must 
ultimately  depend  on  the  experimenter's  own  predilections.  The  authors' 
own  inclination  is  to  stick  with  Z ^ when  the  smaller  sample  size  is  less 
than  30  or  so  and  to  use  Z-^  when  the  smaller  sample  size  is  large  enough 
that  the  nominal  level  is  essentially  achieved.  In  intermediate  cases, 
the  choice  would  depend  upon  the  particular  situation  and  would  be  guided 
by  the  observations  given  in  Section  3. 
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Appendix  A 

Listing  of  Computer  Program 
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1. 

2. 

3. 

h. 


' • 
e. 

Q 

10*. 

11. 

12. 

13. 

14. 

15. 
Is. 

17. 

18. 

19. 

20. 
21. 
22. 
23. 
20. 

25. 

26. 

27. 

28. 
21. 

30. 

31. 

32. 

33. 
30. 

35. 

36. 

37. 

38. 

39. 

40. 

41. 
02. 

47. 
00. 

45. 

46. 
4^. 

48. 
4°. 

50. 

51. 

52. 

53. 

54. 

5 5. 

56. 

57. 

58. 

55. 
60. 


I  M PLI  Cl T EEAL*8  (A-H,Q-Z) 

D.IMEN.SIOJJ  ZZ  (2)  (8)  ,.F(1S]  ,T(1?,3,51)  ,CT  (19,  8,  51) 

DIMENSION  R (2,2,2)  ,IR(8, 8,51,2,2, 2)  ,_S(8) 

C INITIALIZE  THE  P50BL EM 

C 


ZZ  (1)  =1.9 5996D00 
ZZ  (21=2,57535  D00 
CALL  NCDF  (ZZ  ( 1)  , F,  Al) 

CALL  NCDF  (ZZ  (2)  ,F,  A2) 

31  = 2.  ODO'' * (1.0DC0-A1) 

B2  =2 . 0 D9  0 * ( 1 . 0 DO  0 - A 2) 

NN=9 

.DO  1 T=V? 

P EAD  (5 , 2)  NT 

2 FO  EH  AT  (13) 

IF  (NT. XE,. 50110  T3  5 

WRI^E  (6,5) 

6 FORK  AT  (*  ERROR R GREATER  THAR  50*) 

GO TO  16 

5 IF  (NI.EQ.O)  GO  TO  3 

A SIGNAL  CARD  OF  0 INDICATES  EN  D OF  INPUT 

» m »nt 

1 NN  =NR  *■  1 

3 NP=1 9 

DO  4 I = 1,19 

NTs  I 


P(I) =0.O5D0O*RI 

SET  UP  A TABLE  OF  THE  INDIVIDUAL  BIONOMIAL  PRROBA  BILITIES 
AND  A TABLE  OF  THE  CUMULATIVE  BINOMIAL  PROBABILITIES 


DO  8 1=1,10 


PP  = P (I) 

_ 2Q  = 1.9D.0Q-PP. 

DO  8 J = 1 , N N 
NM=N(J) 

EJ!iL=£M 

TT=Q2**NK 

T(I,J,1) =TT 

CT  (I.  J.  1)  =TT 

DO  8 K= 1 , NM 
PK=K 


1j(IjJL»,K t±lg_(MM.-E K ♦ 1.  CDQO)  *PP*T  (If  J.  K)  /(RK*QQ) 

9 CT  (I,J,K  + 1)  =CT(I,  J,K)  +T(I,J,K+1) 

DO  7 1=11,  19 

- 11=29-1 

DO  7 J = 1 , N N 

NM=N  ( v7 ) 

-XUUJ  i 1)  =1  (II.J.NM+  1J 

CT  (I,  J,  1 ) =T  (I  , J ,1 ) 

DO  7 K=1 , NM 

Kl/J,  K-H)  = V (II,  J,  NM— K»  1 1 
7 CT(I,J,K+1)=CT(I,J,K)+T(I,J,K*1) 

S ET  [J  p THE  ARRAY  _ 0 F INDEXES  FOR  THE  X SUMMATI ONS 
THIS  NEED  BE  DONE  ONLY  FOR  NX  LE  S Y 


DO  gj  K=1  , NN 

NX=N(K) 
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61. 

62. 
6 3. 
64. 

K e; 
66* 
57. 
68. 
6 9 . 

70. 

71. 

72. 
'’3. 

74. 

75. 

76. 

7”» 

78.* 

7?. 

80. 

81. 

82. 

8 3. 
84. 
85  . 

oc 

8 ?! 
38. 
«9. 

90. 

91. 

92. 

93. 

9 4. 
95. 
95. 

97. 

98. 

99. 

100. 

101. 
102. 
103. 

1 04  . 
10  5. 
106, 
1ft'’. 
108. 
10°. 
no. 
in. 
112. 

113. 

114. 

115. 

116. 

117. 

118. 

119. 

120. 
12’. 


RNX=NX 

PRNX=1.QD0?/RNX 

DO  6 0 L = K t NN  

NY=W(L) 

BNY=NY 

PRNY=1.0D00/RMV 

SRN=1  .ODOO/(RNX+3NY) 

D=RSNX  + RRNY 

C ..  7 HE  NX,  NY  FAX  2 HAS  BEES  SPECIFIED 

NYY=SY+1 
DO  61  JJ=1,NYY 

R Y=JJ- 1 

Y=  RY*HR  NY 

YY  = Y*  (1.3DOO-Y) 

DO  13  11=1,2 

Z=ZZ (II) 

Z2=Z*Z 

_ PD=D+Z  2*  5 R N X*E  B N Y 

D1  =Z*DSQP.T  ( DD*Y  Y + Z 2*SPNX*EENX/4  . ODOO ) 

DE  = 1.  0D0Q+Z2*PRNX 

D1=D1/DB _____ 

BB=(Y  + Z2*P.  RSX/2.3D00)  /DE 
3(11,1  ,1)  =BB-D1 

5 (II.  2.  1>  =BB+ PI 

DD=  Z*  DS  QR I (D* Y Y + Z 2 *RSNY  *BR  N ' Y/4 . 3 D3  0 ) 

DE=1.  GDG0+Z2*BNX*RPNY*RRN 

D1  =DD/DE 

B B = ( Y * ( 1 . OD  00 -Z  2 *BRN ) *Z2*B  8 N Y/2. 3DC 0 ) /DE 
2(11,1,2) =BB-D1 

P (II. 2. 2)  =BB+D1 

DO  14  IK =1,2 

IF  (F  (II,  2 , IK)  . GE . 1 , 0D09)  GO  TO  43 

■ IR  (K,L,JJ,II,  2,  IK)  =R  (II  . 2.  IK)  *_BNX 

GO  TO  41 

40  IR  (K,L,JJ,II,2,IK)  =N X 
4 1 ■U!..(R1£I.J..1.,IK)  .LE.O.ODQD)  GO  13  43 
TT»R  (II,  1 , I K)  * R NX 
IS=TT 

R.r=is _____ 

if  (sr.EQ.  rr)  go  to  42 

IS =15+ 1 

4 2 I P (K,.L ,JJ, IIX1  ,_I_KJ  = IS 
go  ro  14 

»3  IP  (K,L,JJ,II,  1 , IK ) =0 
14  CONTINUE 

1 3 CONTINUE  ~~  ~~  ' “ r“ 

C FOR  I HIS  FIXED  TRIPLE  N X ,N  Y , Y THE  FOUR  PAIRS  OF 

C ROOTS  HAVE. BEEN  DETERMINED 

6 1 CONTINUE 

DO  80  11=1,2 

DO  3r  IK=1,  2 

IP  (K,L,  1,11,1, IK)  =0 
30  TP (K,L,NYY,II,2,IK) =NX 
6 0 CONTINUE 


THE  INDEXES  FOR  THE  X SOM  A^IDNS  HAVE  BEEN  DETERMINED 


INITIALIZE  PX,PY,NX,NY  FOR  POSER  CALCULATION 

DO  n K=1,NN 
" y=N ( k ) 
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122. 
12?. 
124  . 
125. 
125. 

127, 

128. 
12°. 
130. 
131  . 

132. 

133. 
1 34. 
135. 

135.. 

137. 

138. 
130. 

140. 

141. 

142. 

143. 

144. 

145. 

14  f . 
14.7. 

148. 

140. 

150. 

151.. 

152. 

153. 

154. 

155. 

156. 

157.. ... 

158. 

159, 
164'. 

15  1. 

16  2. 
153. 
16  4. 

165. 

166. 

167. 

168. 
159. 
170. 
171  . 

172. 

173. 

174. 

175. 

176. 

177. 

178. 

179. 

180. 
181. 
182. 


PtJX  = NX 

DO  10  L=K,NN 

*Y=K(U  

5,7  Y=N  Y 

THE  MX,  MY  PAIR  HAS  BEEN  SPECIFIED 
MS ITS (6, 2 1 ) NX*N Y, B1 . B2 

21  FORMAT  <1H1,1X,  TABLE:  NX=',I2,»  SY=»  , 12, 5X, 1 LEVEL  = F4  .2  . 

1 24  X, 1 LEVEL  =*  , F 4. 2)  ' ' 

..  WRITE  {6,22}  _ 

22  F3FBAP  (3X  , • PX  • , 3X  , • PY  • , 7X,  • Z 1 • , 5 X , * Z 1A  «~,5X  , • Z 2 • , 6X, » Z2  A* 
1*7X,,Z1  ,,6X,,Z1A*  ,5X,  ,Z2’,6X,  * Z2  A* ) 

DC.  9 1 = 1,10  ___ 

PX  = P(I)  ""  ' ' 

QX=  1.  ODOO-px 

....  DO  9 J=  1 pNP 

IF  (I.EQ.10.  AND.  J.  EQ.  11)  GO  TO  10 
PY  = P(J) 

i>  DQjQLr.gy 

THE  PX  ,PY  PAIR  HAS  BEEN  SPECIFIED 


BEGIN  THE 


DO  11  11=1,8 

-.—  11 a fii>  =o . o poo ___  

NY  Y=  M Y + 1 
DO  12  JJ=1,NYY 

C EVALUATE  TJLE  1L5UH  MA  JiQ}JS_CO£MS  P ON DI N G _m  THIS  Y 

TY=T(J,L,JJ) 

IF  (DABS  (TY)  .LT.  1 . 0D-2C)  GO  TO  12 

KK=- 1 _____ 

DD  15  11=1,2 
DO  15  IK=  1 , 2 

KK  = KK  t_2 

IL=IR  ( K,  L,  JJ,  II,  1 , I K)  " 

I U=XF  (K,L,JJ,  II,2,IK) 

_I.F__(I.L_...  01  ,..I  TO  _ J5 

SXU=CI  (I, K, IU+1 ) 

IF  (IL.  EQ.  0)  GO  TO  95 

SX=SXO-Cr  { I , K , I L) 

GO  TO  96 
95  SX=SXU 

.-35  - LP-ABS  IS XV.  LI „1.0 D-20)  GO  TO  15 
S (KK)  =S  (KK)  +SX*TY 
15  CONTINUE 

C - JJJ--.COEXg-IBUT.IOM  TO  THE  DOUBLE  SUMS  C OB RESPONDING  TO 

C THE  FIXED  VALUE  OF  Y HAS  BEEN  DETERMINED 
12  CONTINUE 

: THE  DOUBLE  SUMS  HAVE  BEEN  DETERMINED  

C EVALUATE  THE  ASYMPTOTIC  CALCULATIONS 

IF  (PX . EQ.  PY)  GO  TO  73  

D=DSQBT (PX*QX/RNX+P  Y*Q  Y/RN  Y) 

DE=  fPX-PVI  /D 

D2  = (R»X*PX+RNY*PY)  / (RNX+BSY)  ~~ 

D 3=DS  QFT (D2*( 1 .9D00-D2)  * <1 . ODDP/R NX+ 1 . ODOO/RNY) ) 

_P  D=  P ? /D  _ 

DO  18  11=1,7  

I J=2*  4 * (11*1) 

Z = ZZ  (II) 

Z1=Z-DE  
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1 83. 

CALL  tf  CD F ( Z 1,  P , F 1 ) 

18  4. 

Z 1 2=-Z-DE 

1 85  . 



CALL  NCDF  (Z12.F.F2) 

186. 

S (IJ)  = 1 . 0 DO 0-  (F1-F2) 

187. 

Z2=Z*DD 

188. 

Z 2 1=  Z 2-DE 

1 8° , 

CALL  NCDF  (Z21  , F , F 1 ) 

180. 

Z22=- Z2-DE 

191. 



CALL  NCDF(Z22 , F,F2) 

192. 

18 

S (IJ+2)  =1  .0000-  (F1-F2) 

193. 

GO  TO  72 

1 94 . 

7 9 

S f 21  = B 1 

19  5. 

0(4)  = B1 

196. 

5 (6)  =B2 

1 97, 

S (8)  =B2 

ISP. 

72 

DO  19  11=  1/8,2 

199. 

IS 

3 (II)  =1  .ODOO-S  (II) 

20  C , 

C 

201  . 

WRITE  (6,2  3)  PZ,  py,  (S  (III  ,11  = 1,3) 

202. 

2 3 

FOSHAT (IX, 2F5.  2, 2X , 4F  8. 4 ,2 X, 4F 8 . 4 ) 

20  3. 

£ 

CONTINUE 

2C4. 

10 

CONTINUE 

2 05, 

16 

CONTINUE 

206. 

STOP 

201. 

END 

20  8. 

C 

2 09, 

SUBROUTINE  NCDF  (X  f Fr  CDF) 

210. 

IMPLICIT  REAL* 8 (A-H,0-Z) 

211, 

IF  (DABS  (X)  .LT.  1.0  DC  1)  GO  TO  5 

212. 

F=0. 3D00 

213. 

IF  (X.  LT.  0.  ODOO)  GO  TO  6 

21  n. 

CD  F=1  .ODOO 

?1r. 

RETURN 

216. 

6 

CDP=0.  ODOO 

2V7. 

RETURN 

218. 

5 

F_=DEXPi.-_X *1/2 . 0 DO  0 ) /PS  OM?  ( 2.  0 DO  0*3 . 1 4 1 5 S2  654  DOO) 

219. 

5=0. 2316419DC0 

22  0. 

B1  = C.  319381 53 DOG 

221, 

B2=-0. 356563782D00 

222. 

B3 =1.781477937003 

223. 

B 4 = - 1 . 8212  55978D00 

22ft. 

B5=  1.  33027442  9D00 

225. 

I F ( X, GE.C. ODOO)  GO  TO  1 

22*. 

Z = -X 

227. 

GQ  JQ  2 

228. 

1 

Z=X 

22°. 

2 

^=1.0000/(1.  ODOO  + 3*Z) 

2 3p. 

GZ  =B1  *”<■  B2*T*T+B3*T**3+B  4*T  * *4  + B5*T**5 

2 31. 

HZ=GZ*F 

232. 

IF (X. GE. 3. ODOO) GO  TO  3 

233. 

CD  F=  HZ 

23<J. 

T ETCJFN 

235. 

3 

CD  F= 1 , ODOO-HZ 

236. 

FFTURN1 

231. 

END 
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Appendix  B 

Tables  of  Probabilities  of  Rejection 
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FABLE:  NY  = 5 »Y=  5 LEVEL=0.05  LEVEL=0.01 


PX 

?Y 

Z1 

Z1  A 

Z2 

Z2A 

Z 1 

Z1 A 

Z2 

Z2A 

o . c? 

JLJ15 

0.0018 

0.0500 

0 . 001 8 

0.050  0 

0.0018 

0.  0100 

0.000,0 

0.0100 

0.^5 

0 .10 

0.0074 

0.  0605 

0.0073 

0.0593 

0.007  3 

0.0135 

0. 0004 

0..0T31 

D.05 

0.15 

0.0216 

0.0833 

0.0211 

0.0789 

0,021 1 

0.0215 

0.0018 

0,.  0197 

3 

_ 0^05 

0.20 

0.0466 

0.1141 

0.0453 

C.  1040 

0.0453 

0.0334 

0.0053 

0.0285 

4 

0.0? 

0.25 

0.0836 

0.1517 
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0.4497 
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0.0087 

0.0100 

0.35 

0.40 

0.  1465 

0.0541 
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TABLE:  8X= 

5 N Y= 15 

LEVELS 

= 0.05 
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0.0046 
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0.0266 
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0.2446 

0.10 

3.50 
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0.5420 

0. 3806 
0.  2535 

0.5466 
0.3552 
0.  2274 

0.5177 

0.3639 

0.2436 

0.  50  0.20 
* 0.5"  0.25 

“ ".50  3.39 

0.4217 

9.30-4  6 
0. 2118 

0.3553 

0.2523 

0. 1732 

0. &213 
0. 3039 
0.21  05 

C. 3492 

0.  2489 
0.1715 

0.2256 

0.  1570 

0. 1060 

0.  1618 
0.0995 

0.  0592 

0.  1437 
G. 0896 

0. 0550 

0,.  1565 
0.0970 
0.0581 

0.50  0.35 
*■;  0.  50  0.40 
il  0.50  0.45- 

0.1439 

0.0989 

0.0735 

3.  1162 
0.0784 
0.0569 

0.  1418 
0.0958 
0.0598 

0.1155 

0. 0781 
0.0569 

0.3704 

0.0474 

0.0346 

0.0343 

0.0197 

0. 0123 

0.  0331 
0.0197 
0. 0125 

0..  0339 

0 . 01  96 
0.0123 

".50  0.50 

0.0653 

0.0500 

0 . 06 1 4 

C.C590 

0.3305 

0.  0100 

0. 0102 

0.0100 
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TABLE:  HX=1C 

N Y=  20 

LEVEL* 

■0.05 

LEVEL 

=0.01 

PX 

PY 

Z1 

Z1 A 

Z2 

Z2A 

Z1 

SI  A 

Z2 

Z2A 

C . 05 

0.05 

0 . 0 1 40 

0.0500 

0.0313 

0.0019 

0.0100 

0.0041 

0.05 

0.10 

0.0314 

3.0315 

0.0122 

0.0518 

0.  3 260 

0.,  0209 

0,0014 

0.00,98 

D.  05 

0.15 

0.2134 

0.1576 

0.0167 

0.  0871 

0.1020 

0.0520 

0.0006 

0.0184 

0.05 

0.20 

0.3628 

0.2643 

0.0538 

0.2226 

0 . 1062 

0.0017 

0.0339 

0.05 

0.25 

0 . 49  64 

0. 391 0 

0.1330 

0.2152 

0. 3547 

0.1859 

0.0086 

0 • 05  88 

0.05 

0 .30 

0.5077 

0. 5257 

0.2503 

0.3058 

0.4717 

0. 2907 

0,  0304 

0,.  0962 

3. os 

0.35 

9 .701  9 

0.6554 

0. 3892 

0.  4106 

0.5658 

0.4155 

0.  0792 

0. 1493 

0.05 

0.40 

0.7828 

0.7717 

0.5304 

0.  5245 

9.6469 

0.5511 

0. 1648 

0. 2209 

0.05 

0.45 

0.8503 

0.  8636 

0.6597 

0,6399 

0.7206 

0. 6847 

0.2875 

0.3122 

0.  05 

0.50 

0.903O 

0.9287 

0.7689 

0.7484 

0.7906 

0.  8024 

0.4358 

A*_4220 

0.05 

0.55 

0.9409 

0.9686 

0. 8548 

0.  8415 

0.8538 

0.8934 

0.  5899 

0. 5455 

0.05 

0.60 

0.9663 

0.9390 

0.9169 

0.  9128 

0.  9059 

0.9529 

0.7293 

0. 6734 

0.05 

0.65 

0.9820 

0.  9972 

0.9576 

0,9600 

0.  9445 

0,  9842 

0.8395 

0.7929 

0.05 

o .70 

0.9911 

0.9995 

0.9811 

0.9858 

0. 9706 

0.9964 

0.  9158 

0,.  8900 

0,05 

0.75 

0.9960 

1.0000 

0.9928 

0.  9965 

0.9863 

0.9995 

0,9617 

0.9550 

0.05 

0.80 

0.9985 

1.0000 

0.9978 

0.  9995 

0.  9947 

1 ,0000 

0. 9853 

Q,  9 877 _ 

0.05 

0.85 

0.9996 

1.0000 

0.9995 

1.0000 

0.  9984 

1. 0000 

0.9955 

0.9983 

0.  05 

0.90 

0.9999 

1.  00OD 

0.  9999 

1.0000 

0. 9997 

1.0000 

0.9990 

0.9999 

0.  Os 

o.  OS 

1 .0000 

1.0000 

1.0000 

1. 0000 

1 .0000 

1.0000 

0.9999 

1.0000 

0,  10 

0.05 

0 .0359 

0.0755 

0.0999 

0.  1081 

0,0061 

0.0187 

0.0258 

0.0337 

0.10 

0.10 

0.0  59  3 

0.0500 

0.0372 

0.0500 

3.0171 

0.  0100 

0,00.90 

0.0100 

0.10 

C.15 

0.1304 

3. 0588 

0.0205 

0.0532 

0.0602 

0,0163 

0.0031 

0.0107 

0.  1 r 

C.  20 

0.2199 

0.1196 

C. 0356 

0.  0820 

0.1304 

0.0356 

0.0019 

0.0187 

0.  10 

0.25 

0.3112 

0.1973 

0.0917 

0.  1289 

0.2095 

0.0710 

0.0055 

0.0331 

0.  10 

0.30 

0 . 40  3 2 

0.2992 

0.1568 

0.  1931 

0.  2847 

0, 1264 

0*0188 

0.0560 

0.10 

0.35 

D .4933 

3.4175 

0.2546 

C.  274  2 

0.  3558 

0.  2049 

0.0504 

0.0902 

0.  10 

0 .40 

0.59*45; 

0.5439 

0.3677 

0.3706 

0.4299 

0.3065 

0,1085 

0*1391 

U 0. 10 

0*.«5 

0.6863 

0.6573 

0.4983 

0.  4786 

D. 51 20 

0,4278 

0. 1974 

0,»  2053 

0.10 

0.50 

0.7678 

0. 7788 

0.6C86 

0.5922 

0.6012 

0. 5605 

0.3141 

0. 2909 

0.10 

0.55 

0.8357 

0.8682 

0.7200 

0.7035 

0,5910 

0.  6922 

0.44  85 

0.3955 

0.  10 

0.60 

'■'.8892 

0.9319 

0.8148 

0.  8036 

0.7745 

0.8091 

0. 5864 

0.  5155 

0.  10 

0.65 

0. 9292 

Q.970f 

0.8379 

0.  88«9 

0.  8465 

0.8992 

0.7131 

0.6430 

0.10 

0.70 

0.9577 

0.9903 

0.9388 

0.9428 

0.9042 

0.  9574 

0. 8180 

0.7657 

0.10 

0.75 

0.9771 

JL,  9977 

0.9704 

0.  9773 

0.9465 

0.9868 

0.  8959 

0.8694 

0.  10 

0.80 

0.9894 

0.9997 

0.9877 

0.  9935 

0.9742 

0.9974 

0.  9475 

0.9426 

0.  10 

0.85 

0.9961 

1.0000 

0.9959 

0.9989 

0.  9897 

0.9997 

0.9774 

0.9824 

0.10 

0.90 

0.9991 

1.0000 

0.9991 

Q.9993 

tL_9968 

1. 0000 

0,9924 

0,9970 

0.10 

0.95 

0.9939 

1.0309 

0. 9999 

1 .0000 

0.  9993 

1.  0000 

0.  9985 

0.9998 

0.  15 

0.05 

0.0889 

0.1235 

0. 1847 

0.1919 

0.0225 

0.0393 

0.0685 

0,.  0776 

0,  15 

0. 10 

0.0665 

0.0568 

0.9742 

0.08  28 

0.0179 

0.0156 

0.0250 

0.0222 

0.15 

0.15 

0.0902 

0.  0500 

0.0338 

0. 05C0 

0.0376 

0.  0100 

0.0087 

0.0100 

0.15 

0.20 

0.1359 

0.0639 

0.0299 

0.0538 

0.3755 

0.0146 

0. 0034 

0.0111 

0.  15 

0.25 

0 .1929 

0.1032 

0.0521 

0. 0791 

0.1208 

0.0291 

0,0040 

0,0186  _ 

3.  15 

0 . 30 

0.2614 

0.1551 

0.0972 

0.  1215 

0.1674 

0.0559 

0.0116 

0,.  0323 

0.15 

0.35 

0. 3423 

0. 2513 

0.1635 

0, 1804 

G.  2177 

0. 0989 

0.0313 

0.0541 

0.15 

0.40 

0.4330 

3.  3556 

0.2494 

0.2562 

D.2779 

0. 1619 

0.0697 

0.0868 

0.  15 

0.45 

0.5275 

0.4732 

0.  3523 

0.  3477 

0,3520 

0,2472 

0.  1320 

0. 1336 

0.  15 

0.50 

0.6197 

0.5959 

0.4571 

0.  4522 

0.4391 

0,3545 

0.2199 

0.  1977 

0,15 

0.55 

0.7049 

0.7135 

0.5855 

0.5646 

0.  5343 

0. 4791 

0. 3301 

0.2812 

0.15 

0.60 

0.7830 

0.8161 

0.6977 

0.6772 

0.  5 316 

0.  6120 

0.4544 

0.3842 

0,  15 

0.65 

0.8437 

0.8960 

0.7951 

C.  7814 

0.7253 

0.7400 

0. 5821 

0.  50.38 

0.  15 

0.70 

0.8959 

0.9502 

0.8723 

0,  8685 

0.  8098 

0. 8488 

0.7016 

0..  6321 

0.15 

0.75 

0.9369 

0.9810 

0.9281 

0.9325 

0.  380  1 

0. 9276 

0.8038 

0.7571 

0.15 

0.80 

0.9*59 

3.9947 

0. 9547 

0.9722 

0. 9326 

0. 9736 

0. 8833 

0.8639 

_ 0.  15 

0. 85 

0.9861 

0.9990 

0.9858 

0.  9 916 

0.9672 

0.9935 

0.  9392 

0. 9399 

0.  15 

0.90 

9.9959 

0.9999 

0.9959 

0.9984 

0.  9867 

0.9991 

0.9744 

0.9816 

0.15 

0.95 

0.9993 

1,0000 

C. 9993 

0.9999 

0,9961 

1. 0000 

0.9935 

0.9968 

0.20 

0.05 

0.1711 

0. 1978 

Q. 2776 

0.285  9 

0.3576 

0.0710 

0.1291 

0.1358 

0.  20 

0.10 

0 .1024 

0.1075 

0. 1250 

0.  1410 

0.0313 

0.0308 

0.  0501 

0.0485 
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0.20  3.15 

0.0852 

0 . 0629 

0.0599 

0. 0728 

0.0308 

0.0143 

0.0188 

0.  0181 

0.20  0.20 

0.0955 

0.3533 

0.0371 

0.0500 

0.305  3 

0.0100 

0. 0072 

0.0100 

,r.  1.  20  0.25 

Q-,.1.2  34 

—0.3614 

0.0397 

0. 0543 

0.0693 

0.0138 

0. 0042 

0.  Oil-* 

! 0 . 20  3 . 30 

0.1678 

0.0942 

0.0523 

0.0776 

0.0964 

0.0256 

0.0075 

0.0185 

0.20  0.35 

3.  228  5 

0. 1482 

0.1040 

0.1172 

0. 1298 

0. 0478 

0,.  0191 

0.0318 

1 Q_»2  0 0 .40 

’■%.*  30  33 

3. 2230 

0. 1656 

0.1732 

0. 1745 

0#  0838 

0. 0436 

! 0.  20  0.45 

0.3878 

0.3174 

0. 2474 

0.  2460 

0.2340 

0. 1375 

0.  0858 

0. 0854 

, 0.20  0.50 

0.4770 

0.4275 

0. 3474 

0.  3352 

0.3087 

0.2122 

0. 1494 

0. 1318 

1 0.20  0.55 

3. 5668 

0.  5469 

0.4597 

0.4383 

0. 3964 

0. 3092 

0.2349 

0 . 1957 

1 0.20  0.60 

3.6535 

3. 6666 

0.5760 

0.5506 

0.4939 

0. 4265 

0.  3397 

0.2796 

0.  20  0.65 

0.7349 

3.7763 

0.  6871 

0.  664  9 

0.5964 

0.5572 

0. 4571 

0. 3840 

0.20  0.70 

-.3.8092 

..-9,8558 

0.7951 

0.  7719 

0.6979 

0.6899 

0.5783 

0.20  0.75 

0.8744 

0.9322 

0.8652 

0.8624 

0.7907 

0.  8097 

0.6939 

0.6366 

i 0.20  0.80 

0.9276 

0. 9721 

0. 9252 

0.9296 

0. 3680 

0.  9027 

0.7957 

0.7637 

1-  0.  20  0.85 

C*S££fL 

...0.99-15- 

0.9655 

0.  9713 

0.9257 

9.-9616 

0. 8784 

0. 8711 

j ".20  0.90 

0.9981 

0.9983 

0.9381 

0.9916 

0. 9641 

0.9896 

0.9404 

c[.  9457 

0.20  0.95 

0.9973 

0.  9998 

0.9973 

0.9985 

0.9872 

0.  9984 

0.9817 

0.9846 

0.25  0.05 

3-<l275_2 

3.23Q1 

0.3753 

0.3830 

0. 1149 

0, 1151 

0,-2035 

0.2042 

0.  25  0.  10 

0.1648 

0.  1561 

0.  1916 

0. 2165 

0.0606 

0.0559 

0. 0854 

0.  0886 

0. 25  0.15 

0.1110 

0.0957 

0.1323 

0.  1173 

0.0393 

0.0266 

0.0352 

0.0367 

j 0.25  0.20 

3.0898 

-OcMOS_. 

0.0591 

_ Qjt5U4 

0.0366 

0.0136 

0,0144 

0.0161 

0.25  0.25 

3.0939 

3.3503 

0.0429 

0.0500 

0.0434 

0.0100 

0.0067 

0.0100 

, 0.  25  0. 30 

0.1116 

0.0598 

0.0465 

0.  0548 

0.0552 

0.0133 

0.0061 

0.0115 

, 0.25  0.35 

0.1506 

0^883 

0.0581 

0.0769 

0.0762 

0.0236 

0.0119 

0.0185 

1 0.25  3.4 0 

3.  20  56 

0. 1371 

0.1086 

0.1150 

0. 1066 

0.0430 

0.0267 

0.0318 

0.25  0.45 

3.2735 

3.  2353 

0.  1693 

0.1696 

0. 1503 

0.0747 

C. 0541 

0.0531 

0.  25  0.50 

0,3511 

0.2930 

0.  2502 

0.  2413 

0.2089 

0. 1227 

0, 0982 

0. 0857 

0.  25  0.55 

0.4354 

0.3978 

0.3484 

0.  3300 

0.2827 

0.1907 

0.  1615 

0. 1329 

0.25  0.60 

3.5238 

0.  5144 

0.4584 

0.4336 

0.3710 

0.2810 

0.2*14  6 

0. 1985 

".25  0.65 

3.6.144 

Itj?  348 

0.5728 

0,5474 _ 

3.4713 

0.  3931 

0. 3452 

0.  25  0.70 

0.7051 

0.7490 

0.6837 

0.663  9 

0.5786 

0.5221 

0.  4581 

0. 3933 

0.25  0.75 

0.7924 

0.8455 

0.734  1 

0.  7733 

0.6850 

0.6575 

0..  5760 

G. 5194 

0.25  0.83 

0.8706 

0.  9197 

0.8684 

C. 8657 

0.7820 

0.7843 

0.6912 

0.6544 

0.25  0.85 

3.9323 

3.  9563 

0. 9320 

0.9333 

0.8628 

0. 8867 

0.7970 

0..7833 

0.  25  0.90 

0.9723 

0. 9894 

0.9724 

0.  9742 

0.9244 

0.9542 

0.8884 

0. 8886 

9_L_25-_0j_2iL 

0.9920 

C. 9979 

0... .9  9. 2.1 

0.9931 

Q*-i_6  81. 

0.9875 

0^9601 

0. 9576 

0.30  3.05 

3.  3919 

0. 3728 

0.4751 

0.4795 

0.  1943 

0.  1734 

0.2877 

0.2800 

0.3"  0.10 

3.2496 

3.  2403 

0. 2743 

0.3031 

0.  1082 

0.0929 

0. 1322 

0.1412 

9. 30  0.15 

0 t1637 

0.1482 

0. 1627 

0.1796 

0 .0644 

0.0478 

0.  0601 

0.  0666 

0. 30  0.20 

0.1129 

0.0903 

0.0977 

0.  1038 

0.0441 

0.0242 

0.0273 

0.0304 

0.30  0.25 

3.0879 

0.0595 

0.  0614 

0.0640 

0.0  367 

0.0131 

0.0129 

0.0148 

0.30  0.30 

3_,  8954 

3.  3503 

0.0467 

0.0500 

0.3  375 

0.0100 

0.0076 

Q. 0100 

0.30  3.35 

0.1027 

0.0589 

0.0506 

0.  0553 

0.0462 

0.0129 

0.0087 

0.0117 

O.  30  0.40 

C . 1 372 

0.0854 

0.0727 

0.0769 

0.0643 

0.0223 

0.0165 

0.0187 

0.30  3.e 5 

0 . 1863 

3.1301 

0.1137 

C. 1 144 

0.0937 

0.0400 

0.0333 

0.0321 

0.30  0.50 

3.2478 

3.  1940 

0. 1746 

0.1687 

0. 1363 

0.0691 

0.  0624 

0.0540 

0. 30  0.55 

0.3200 

0.2775 

0.  2547 

0.2409 

0.1939 

0. 1137 

0. 1070 

0.  0876 

0. 30  0.60 

0.4020 

0.3790 

0.3515 

0.  3308 

0.2678 

0.1776 

0. 1695 

0. 1369 

0.30  3.65 

3.  49  32 

0.4942 

0.4604 

0.4367 

3.  3578 

0. 2641 

0.2505 

0.2059 

0.3  0 0 .70 

3.5926 

3. 6156 

0.  5753 

0. 5534 

0.4609 

0. 3737 

0.  3484 

0.2975 

0.  30  0.75 

0.6963 

0.7330 

0.6895 

0.  6730 

0.5709 

0.5024 

0.  4593 

0.  4121 

0.  30  0.80 

0.7969 

0.8355 

0.7951 

0.7847 

0.6797 

0.6407 

0.5782 

0.5450 

0.30  3.85 

3.8832 

0.9138 

0.8830 

0.8773 

0.7794 

0.7729 

0.6998 

0.6850 

C. 3 0 0.93 

3.9452 

3. 9539 

0.9453 

0.9428 

0.3648 

0.8813 

0. 8189 

0.8145 

0. 30  0.95 

0.9808 

0.9390 

0.9813 

0.9801 

0.9354 

0.9531 

0.  9261 

0.  9140 

0 . 3C  0.05 

0.5114 

0.4732 

0.5742 

C. 5726 

0.2921 

0.2472 

0.  3783 

0. 3614 

0.35  0.13 

0.  350  7 

0.3282 

0.3702 

0.396  1 

0.  1752 

0. 1443 

0.1915 

0,.  2050 

0.35  0.15 

9.2339 

3.  216  2 

0.24  08 

0.2558 

0.  1077 

0.0803 

0 . 0962 

0,.  1083 

0.35  0.20 

0.1505 

0.1371 

0. 1535 

0.  1573 

0.0686 

0.0430 

0.0483 

0.0544 

0. 35  0.25 

0.1097 

0.0864 

0.C957 

0.0953 

0.  0464 

0.0227 

0. 0245 

0.0267 

".35  0.33 

3.0939 

".0587 

0.0619 

C.0618 

0.0354  - 

0.0129 

0.0132 

0,.  0 1 40 
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0 . 35 

0.35 

1.083  2 

3.  0 500 

0.0487 

0.0500 

0. 3 3 36 

0. 0100 

0. 0093 

0.0100 

r.  35 

0.40 

0.0949 

0.0583 

0.0539 

0.  0558 

0.0407 

0.0127 

0.0114 

0.0119 

-_.i-3.5- 

JL*  45 

0. 1251 

0. 0832 

0.0771 

0.0774 

0. 0577 

0.0215 

0.0204 

0.0191 

0.35 

0.50 

3.1690 

3.  1257 

0.  1189 

0.1151 

3.  386  1 

0.0382 
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TABLE:  NX=2C  KY  = 25  LEVEL=0.05  LEVEL=0.01 
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0.9999 

1.0000 

0,9999 

1.  0000 

0.9990 

1.0000 

C. 9985 

0. 9994 

0.20 

0.95 

1 .0000 

1,0000 

1.0330 

1.  0000 

0.  9999 

1 .0000 

0.9999 

1.0000 

0.25 

0.05 

0. 4962 

0.4803 

0.5247 

0.5371 

0.  2304 

0. 2529 

0.2875 

0.3162 

0.25 

0.1? 

0.2791 

0. 2709 

0.2822 

0.3035 

0.3913 

0.  1099 

0. 1147 

0.1353 

o.  25 

0.15 

0.1O32 

0.1374 

0. 1390 

0.1510 

0.0363 

0.0431 

0.0413 

0.0507 

0.20 

0.0784 

0.3597 

0.0571 

0. 0737 

0.0181 

0.0167 

0. 0144 

0.0183 

0.25 

0.25 

0.0643 

0.0500 

0,0442 

0,0530 

0.0186 

0.0100 

0.0071 

0.0100 

0.25 

0.30 

3.0839 

3.0677 

0.0578 

0.0642 

3.  3 338 

0.0159 

0. 0102 

0.0146 

0.  25 

0.35 

0.1469 

-Q_,JM98 

0.  1043 

0.1099 

0.0667 

0.0  238 

0.  0309 

0.25 

0.40 

0.2349 

0.2065 

0.1846 

0.  1861 

0. 1221 

0. C753 

0.0530 

0.0625 

0.25 

0.45 

0. 3469 

0.3254 

0.2979 

0.2910 

3. 2028 

0. 1425 

0.1049 

0.1155 

0.25 

JL..5.0 

3.9745 

3. 4677 

0.4359 

0.4191 

3, 3078 

0. 2428 

0. 1861 

0.1952 

0.  25 

0.55 

0.6067 

0.6178 

0. 5828 

0.5596 

0.4311 

0.3760 

0. 2990 

0. 3Q39 

0.  25 

0.60 

0.7311 

0.7565 

0.7197 

0.6971 

0.5637  . 

0.5316 

0.4383 

0.4379 

J0.-25 

8.65 

3,6357 

0 . 866  9 

0.8313 

0.8159 

0.6936 

0. 6900 

0.5898 

0.5860 

0.25 

0 .70 

0.9128 

3. 9402 

0.  9107 

C.9C45 

0.8077 

0. 8266 

0.7338 

0.7302 

".  25 

0.75 

0.9612 

0.9793 

0.9594 

0.  9598 

0.8952 

0.9228 

0.  8515 

0. 8510 

_ 0.  25, 

.0 

0.9«63 

0.9950 

0.9348 

0.9872 

0. 9520 

0.9750 

C. 9317 

0.9343 

0.25 

0.85 

3.9965 

0.9993 

0.9957 

0.9972 

0.  98  24 

0,.  9948 

0.9754 

0.9790 

0.25 

0.90 

3.9994 

3.9999 

0.9992 

0.9997 

0. 9954 

0.9995 

0.  9938 

0.9958 

0 . ?5 

0.  95 

mfoMwmm 

mmnMm 

0.9994 

0.  9996 

0.30 

0.05 

0.6627 

0.6234 

0.6780 

0.  6687 

0. 3722 

0.3815 

0.4371 

0,.  4439 

0.30 

0.10 

0. 4266 

0.  4058 

0.4287 

0.4407 

0.  1775 

0.1964 

0.2040 

0. 2305 

0.30 

0.15 

0.2952 

-3.  2350 

0. 241 8 

0. 2547 

0.3807 

0.0901 

0. 0864 

0. 10,42 

0.  30 

0.20 

0.1325 

0. 1249 

0.  1243 

0.  1335 

0.0362 

0.0378 

0.0343 

ft.  0423 

0.  30 

0.25  . . 

0.0768 

0.0673 

0.0640 

0. 0700 

0.0193 

0.0158 

0.0136 

0.0169 

mL 

0.30 

3.0636 

-6..  0500 

0.0456 

0.0500 

0.3185 

0.  0100 

0.0077 

0.0100 

0.3  0 

0.35 

3.0393 

3.0660 

0.0600 

0.0635 

3.3317 

C. 0154 

0.  0110 

0,0144 

0.  30 

0.40 

0.1357 

0.1139 

0,  1062 

0.  106  7 

0.061 1 

0.0333 

0. 0244 

0.  0298 

0.30 

0.45 

0.2160 

JLJ94J_. 

0.  186  1 

0.  1797 

0.1111 

0. 0695 

0.0531 

0.  0603 

0.30 

0.50 

3. 3227 

0.  3C79 

0.2983 

0.2820 

0.  1848 

0.  1317 

0.1046 

0 . 1 1 18 

0.30 

0.55 

3.4502 

3.  4467 

0.4345 

0.4091 

3. 2837 

0.  2266 

0.  1860 

0.1906 

0.  30 

0.60 

0.5875 

0.5971 

0.5794 

0.5507 

0.4054 

0.3556 

0.  30.0  3 

0. 2996 

0.30 

0.65 

0.7198 

0.7393 

0.7152 

0.  6913 

0.5419 

0.5107 

0.4423 

0.4358 

0.30 

0.70 

3. 8319 

0, 8563 

0.8275 

C.  8138 

0.6792 

0. 6729 

G.  5976 

0.5879 

0.30 

0.75 

0.9139 

3.9354 

0.  9087 

0. 9054 

0.8006 

0.  8162 

0. 7445 

0.7365 

0.  30 

0 . 80 

0.9641 

0.9780 

0.9594 

0.  9617 

0.8930 

0.9189 

0.  8618 

0. 8596 

0.30 

0.85 

0.9885 

0.994  9 

0.9860 

0.9887 

0.9526 

0.9746 

0.9392 

0.9421 

0.30 

J^90 

0.9975 

0.9993 

0.9969 

0.9979 

0.9843 

0. 9952 

0,9809 

0 . 98  35 

0.30 

0.95 

0.9998 

1.  3300 

0. 9998 

0.9998 

0.  9974 

0.  9996 

0.  9973 

0.9973 

0.  35 

0.05 

0.7946 

0.7503 

0.8015 

0.7789 

0.5257 

0.5237 

0. 5846 

0.5721 

C.  35 

0.10 

0.5780 

0.5498 

0.5780 

0.  5783 

0.2967 

0.3118 

0.  3193 

0. 3462 

0.35 

0.  15 

0.  3753 

0,3596 

0.3695 

0.3805 

0.1560 

0.7646 

0.1581 

0. 1832 

0.35 

0.20 

3.2244 

3. 2129 

0.2127 

0.2248 

0.3781 

0.0786 

0.0728 

0.0866 

0.35 

0.25 

0.1286 

0.1171 

0.  1143 

0.  35 

0 .30 

0.0778 

0.0557 

0.0634 

0.0675 

0.0213 

0.0153 

0.0140 

0.0160 
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0.35 

3.35 

3.06  32 

0.0500 

0.0483 

0.0500 

0.0190 

0.0100 

0.0085 

0. 0100 

0.35 

0.40 

3.0798 

0. 0649 

0.C638 

0. 0631 

0.0300 

0.0150 

0.0118 

0.  0143 

0.35 

J..45. 

0.1264 

...Q,  11.01 

-_Q._1.1P5.. 

. 0,  1050 

0.0562 

0.0318 

0. 0254 

0. 0294 

| 0.35 

3.50 

3.  20  32 

0.1876 

Q.190G 

0.1767 

0. 1017 

0. 0660 

0.0546 

0.0594 

2 

i 0.35 

0.55 

3.3097 

3. 2976 

0. 3007 

0.2785, 

0. 1714 

0.  1255 

0.  1074 

a. 11  TO 

3 

0.35 

0.50 

0.4405 

0.4350 

Q. 4346 

0.4067 

0.2638 

0.2178 

0. 1911 

0.  1908 

4 

0.35 

0.65 

0.5836 

0.5856 

0.5777 

0. 5509 

0. 3924 

0.3457 

0.3089 

0..  30  27 

5 

0.35 

0.70 

0.7222 

0.7330 

0.7135 

0.6950 

0.  5333 

0.  5024 

0.4554 

a. 4440 

6 

0.35 

4.75 

0.3339 

0.3538 

0. 8274 

0.82C4 

0.5751 

0. 6690 

0. 6136 

0.6019 

1 

0.  35 

0. 80 

0.9218 

0.9359 

0.9112 

0.9126 

0.8003 

0,8174 

0.7600 

0. 7546 

b 

0.  35 

0.85 

0.9697 

0.9793 

0.9640 

0.  9672 

0.  8960 

0.9228 

0. 8757 

0.8775 

i..._Q.«  35 

.0.93  - 

3.9918 

0.  9957 

0.9905 

0.9915 

0.  9587 

0. 9779 

0„»  9530 

0.9549 

; 0.35 

0.95 

3.9990 

3.9995 

0. 9990 

0.9937 

0.  3910 

0.  9965 

0. 9911 

0,.  9895 

: o.  uo 

0.05 

0.8864 

0.8516 

0. 8890 

0.  864  0 

0.5733 

0.6654 

0.7153 

0.  6915 

Il2 

_JLJLC_ 

0.  10 

0.7136 

0.6879 

0.7120 

0.7040 

0. 4382 

0,44  97 

9,4524 

0. 4739 

ii  3 1 

i 0.40 

0.15 

0.5181 

0.  5005 

0.5084 

0.5157 

0. 2636 

0.2694 

0.2586 

0,.  2862 

|,4: 

i 0.40 

0.20 

0.3466 

3.  3299 

0. 3282 

0.341 0 

0. 1497 

0. 1453 

0. 1368 

0.1546 

j 

1 0.  40 

3.25 

C . 21 63 

0. 1988 

0.  1959 

0.  2054 

0.Q808 

0.0715 

0,0679 

0.0757 

h ft 

0.40 

0.  30 

0.1279 

<3.1121 

0.  1113 

0. 1152 

0.  0420 

Q. 0326 

0.0318 

0.0341 

! 0,4Q 

3.35 

3.0776 

0.0647 

0.0658 

0.0658 

0.0233 

0.  0149 

0.0147 

a. 01 54 

h 

1 0.40 

0.40 

3.0613 

3.  3 50  0 

0.0521 

C. 0500 

0.0  192 

0.0100 

0. 0091 

OjlP.100 

il‘! 

[ 0.  40 

0.45 

0.0757 

0.0643 

0.0679 

0.0631 

0.0282 

0.0148 

0.0125 

0,.  0143 

b<ji 

i 0.40 

0.  50 

0.1207 

0.1080 

0. 1144 

0.  1046 

0.0519 

0.0310 

0.0268 

0.0294 

! 1 

1 0 » 4 C 

-0^5- 

3. 1978 

0.  1838 

0.1929 

0.1765 

0.0951 

0.0642 

0.0574 

0.0597 

|22. 

0.40 

0.60 

3.3070 

0.  29  33 

0. 3020 

0.2797 

0.  1537 

0.  1227 

0.1125 

0.1127 

H 

0.  40 

0.  65 

0.4427 

0.4312 

0. 4344 

C. 4111 

0.2519 

0.2149 

0. 2000 

0. 1957 

0jlj40 

.0,70 

0 . 5^20 

0.5857 

0.5776 

0.5598 

0.3875 

0.3448 

0. 3224 

0,  31 35_ 

■2\>\ 

0.40 

0.75 

3.7353 

0.7359 

0.7158 

0.7082 

0.5310 

0.5060 

0.4720 

0.46  26 

0.40 

0.80 

0.3524 

0.  8595 

0. 8344 

C.8353 

: ■'.0.57*3 

0.  6781 

0.  6315 

0.6282 

H 

0.40 

0.85 

0.9325 

0,9418 

0.9228 

0.  9255 

0.8068 

0.8300 

0.7013 

0,7844 

i;,s| 

0.40 

0.90 

O.0779 

0.9931 

0.9758 

0.  9753 

0.  9098 

0.9340 

0.9026 

0.9032 

j 

0.40 

0 .95 

3.9966 

0.9971 

0.9965 

0.9948 

0. 9754 

0. 9840 

0.9766 

0.9704 

1 1 

0.45 

-0.05  , 

0.9433 

3.9230 

0. 9441 

0.9244 

0.7956 

0^7910 

0,  8206 

0,,7  945_ 

W 0.45 

0.10 

0.8221 

0.8059 

0.8193 

0.  8089 

0.5856 

0.5975 

0.  5904 

0. 6032 

0.45 

0.15 

0.6569 

0.6431 

0.6437 

0.6475 

0.3975 

0.4Q16 

0.3836 

0. 4076 

33 

i 0.45 

3.23 

0.4864 

0,  4677 

0.4518 

0.4723 

0. 2537 

0.2428 

0.2300 

0.2476 

34 

0.45 

0.25 

3.3338 

0.  3108 

0. 3071 

0.3145 

3.  1521 

0. 1334 

0.1286 

0.1365 

3!>: 

0.  45 

0.  30 

0.2113 

0.1900 

0.1912 

0.1924 

0.0852 

0.0672 

0.0667 

0.0687 

36 1 

0,45 

0. 35 

0.1251 

0.1091 

0. 1132 

0. 1104 

0.0450 

0,0314 

0, 0318 

Q_,  0 3 2Q_ 

3‘,l 

0.45 

3.43 

3.0755 

0.0642 

0.06  90 

0.0647 

0.3246 

0.0147 

0.0147 

0.0149 

38 

0.45 

0.4  5 

3.0592 

3.0500 

0.0552 

0.0500 

9.0191 

0.0100 

0.0093 

0.0100 

39 

0.  45 

0.50 

0.0736 

0.0539 

0.0706 

C. 0634 

0.0265 

0.0147 

0.0133 

0.  0144 

40 

0 , 4 5 

0.55 

0.1193 

0.1071 

0.1163 

0.  1053 

0.0489 

C . 03  06 

0.0286 

0.0298 

■ 41 1 

0.45 

3 .60 

3. 1°8  7 

0.1829 

C.1936 

0.1738 

0.0914 

0.  0638 

0.0611 

0.0612 

|42| 

i 1 

0.45 

0.65 

3.3124 

3.  29  35 

0. 3016 

0.2857 

0.  1599 

0. 1230 

0. 1192 

0.1170 

1 

[43' 

i 

0.  45 

0.70 

0.4542 

0,4350 

0.4347 

0.4227 

0,2584 

0.2178 

0.  2102 

0.2058 

[44  i 

0.4  5 

0.75 

0.6084 

0.5942 

0.5819 

0.5780 

0. 3853 

0.3529 

0.3356 

0. 3327 

H 

0.4  5 

0 .83 

3.7530 

0.7486 

0.7284 

0.7311 

0. 5323 

0.  5216 

0.4895 

0.4933 

H 

0.45 

0.85 

3.8597 

3.8733 

0. 8565 

0.8583 

0.5862 

0.  7007 

0.6599 

0.6682 

H 

0.  45 

0.  90 

0.9497 

0.9525 

0. 9468 

0.  9430 

0.8311 

0.8539 

0. 8246 

0. 8255 

[4b! 

0.45 

0.95 

0.9900 

0.9885 

0.9399 

0.9846 

0.9430 

0.9512 

0.9476 

0.9341 

M 

i [ 

0.50 

,3.05 

0.9746 

0.9665 

0.9748 

0.9629 

0,8853 

Q. 8880 

0.8974 

0. 8760 

Iso! 

0.54 

0.10 

9.9998 

3.3949 

0. 8967 

0.8887 

0.7210 

0.7379 

0.7185 

0.7234 

0.  50 

0.15 

0.7771 

0.7717 

0.7625 

0.7644 

0.5443 

0.5511 

0. 5223 

0. 5387 

0.54 

3.20 

0.6272 

0,6128 

0.6301 

0.  6065 

0.3855 

0.3709 

C.  350,7 

0,.  3628 

■*•3 

ft  C ft 

. • V 

3.25 

3. 469  6 

0.4467 

0.4402 

0.4424 

0.2550 

0.2266 

0.2183 

0.2223 

!64l 

) 

. _"_*50 

0 .3'' 

3.3231 

3.  2992 

0. 3014 

0.2969 

0.  1565 

0. 1264 

0. 1248 

0.1246 

M 

0. 50 

0.  35 

0,2043 

0.1849 

0.  1923 

0.  183  9 

0.0887 

0.0647 

0.0647 

0.0641 

- ' 

0.50 

0.40 

0.1212 

0.1075 

0. 1156 

0.  1072 

0. 0471 

0.0308 

0.030,5 

0.0306 

__  0 

3.45 

0.0737 

0.  0639 

0.0709 

0.0639 

0.0255 

0. 0146 

0.0141 

0.0146 

0.50 

0.50 

0.0584 

3.0533 

0.0563 

0.0500 

0.0  199 

0.C100 

0. 0093 

0.0100 
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fABLE:  NSC  =20  SY=4C  LEVEL=0.05  LEVEL=0. 0 1 


PX  PY 

. 0.05  0.05 

Z1 

V.-0  5.25 

Z1 A 

3.0503 

Z2 

0.0402 

Z2A 

0. 0500 

Z1 

0.0054 

Z1  A 

0. 0100 

Z2 

0.  002  8 

Z2A 

0-0100 

' 0. 05  0.10 

2 0.05  0.15 

3i  0.05  0.20 

0.2132 
0.3653 
3. 5188 

C.  1139 
0.2684 
0.4677 

0.0416 
0.  1533 
0.3206 

0.  075  8 

0.  1663 
0.3009 

0.0746 
0.2148 
0. 3623 

0.0333 
0.1084 
0. 2428 

0.0010 

0.0109 

0.0607 

0.0167 

0.0450 

0 . 10  10 

4|  r.05  ^ .25 

5i  0.  05  3.30 
% 0.05  0.35 

3.6791 

0.8112 

0.9016 

0. 6627 
0.8157 
0.9164 

0.5021 

0.6739 

0.8131 

0.4635 

0. 6295 

C. 7742 

0. 5105 
0.6545 
0.7779 

0. 4223 
0.6130 
0.7779 

0. 1706 
0.  3269 
0.  5020 

0.1927 

0. 3209 

0. 4758 

■ 0.05  D. 43 

“ 0.05  0.45 

* 0.05  0.50 

3.9540 

0.9837- 

0.9928 

0. 9689 
3.9909 
0.998(3 

0.9075 
0.  9606 
0.9856 

0.8813 

0.9479 

0.  9816 

0.  8709 
0.9331 
0.9696 

0. 8941 
0.9597 
0.9884 

Q. 6705 
0. 8096 
0.  9963 

0.6372 

0.7813 

0. 8892 

™ 0.05  3.55 
■ 0.05  3.63 

*!  0.05  0 .65 

0.9977 
3. 9994 
3.9939 

0.9997 
1.0000 
1. 3333 

0.9955 
0.9988 
0. 9997 

0.  9951 

C.  999  1 
0.9999 

0.9880 
0.  9960 
0. 9989 

0.9977 
0.9997 
1. 0000 

0.9617 
0.9872 
0. 9966 

0.9551 

0. 9864 

0. 9972 

C.  05  0.70 
‘1  0.05  0.75 
‘j.  0.05  3.83 

1 .0000 
1.0000 
1.0000 

1.0000 

1,0090 

1.0000 

1.0000 

1.0300 

1 .0000 

1. 0000 

1.  0000 
1.0000 

0.9998 

1.0000 

1.0000 

1.00,00 
1.0000 
1. 0000 

C. 9992 
0.9999 

1 . 0000 

0. 9997 
1.0000 

1 . 0000 

sF  7.05  0 .85 

7 3.05  0.90 

8 Q.95 

1.3730 

1 .0000 
1.000.0, 

1.  3333 
1.0000 
-.1^0000 

1. ocoo 

1.0300 

1.0300 

1.0000 

1. 0000 

1.  0030 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1 . 0000 

1 . 000,0 
1.0000 

1 . 0000 

1 . 00.00 

1. 0000 
i onnn 

5 0.10  3.05 

* 0.10  0.10 
’ p>  10  o.  15 

3.0510 
3.0837 
_ 0,1483 

0. 1017 
0.0530 
0.0880 

0.1289 
0.03  96 
0.0620 

0.1404 

0.0500 

C. 0694 

0.0110 
0.3  27  3 
0.0775 

0.0285 
0.0 100 
0.0233 

0.0324 
0. 0072 
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0.0770 

0.0185 

0.0169 

0.0196 

0.0196 

H 0.30 

3.33 

3.0662 

0.  0500 

0.0478 

0.0500 
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0. 0100 

0.0087 
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3.0939 

3.3692 
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0.0165 
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0.0146 
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0.1557 

0.1276 
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0.0698 
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0.0274 
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0.2338 
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0.0665 

0. 0686 
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0.53 
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0.3391 

0.3220 

0. 2233 

0. 1662 

0. 1395 

0.  1329 

“j  0.30 

0.55 

3.5233 

0.5205 

0.4927 

0.4710 

0.3438 
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0.  2515 

0.2334 
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0.60 

0.6751 

0.6792 

0.6479 

0.6293 

0.4813 

0.4402 

0.  3968 

0.3713 
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0.8141 

0.7322 

0.  7734 
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0.6092 

0.5581 
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3.8885 
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0.8834 

0.7490 

0.7652 

0.7132 
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0.75 

3.9473 
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C.  8837 
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0.9895 
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0.95 
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3.2486 

0.  2372 
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0.1285 
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0.0273 

0.  0156 

0.0167 

0..  0157 

0.5* 

0 .53 

3.0539 

3.3530 
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TABLE:  NSC  = 25 

*JY  = 25 

LEVEL 

= 0.05 

LEVEL 
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0.  87  16 

0. 8779 

0.  870.4 

0.8469 

0.  45 

0.80 

0.9907 

0.9925 

0.  9907 

0.  9890 

0.9624 

0.9653 

0.9624 

Q. 9483 

0.45 

3.95 

C.9903 

0.9993 

0.9993 

0.9986 

0.  9948 

0.9949 

0. 9949 

0.9899 

0.50 

3.05 

0.9969 

0.9960 

0.996  9 

0.99113 

0.9822 

0.  9791 

0.9827 

0(.  9698 

0.5" 

0.10 

0.9729 

0.9731 

0.  9729 

0.9673 

0.  9 106 

0..  9053 

0. 9107 

0.8847 

0.  50 

0.15 

0.8981 

0.9033 

0.8981 

0.  892  5 

0.7624 

0.7533 

0. 7617 

0. 7273 

0.50 

0.20 

0.7610 

0.7708 

0.7509 

0.7578 

0.5633 

0.5499 

0.5585 

0.5280 

0.50 

3.25 

0.5852 

0.5913 

0.5845 

0.  5805 

0. 3672 

0. 3501 

0.3545 

0. 3367 

'■4i 

0.50 

0.33 

0.4372 

0. 4) 38 

0.4045 

0.3971 

0.2132 

0.  1950 

0. 1949 

0.1888 

:,:s| 

0.  50 

0.35 

0.2551 

0.2447 

0. 2496 

0.  2418 

0.1107 

0.0953 

0. 0936 

0.0933 

■•'‘•I 

0 . 50 

0.40 

0.1442 

0.1330 

0.1372 

0.  1321 

0.0514 

0,0412 

0, 0398 

0.0407 

•?i 

".50 

0.4  5 

3.0791 

0.0699 

0.0724 

0.0698 

0.  0 227 

0.0167 

0.0159 

0.0167 

0.5" 

0 .5" 

3.0693 

0.0503 

0.0518 

0.0500 

0.0144 

0.0100 

0. 0094 

0.0100 
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FABLE:  NX : 

PX  PY 
0.05  3.05 
0.05  0.10 
0.05  0.15 
0.05  0.71 


l‘|  0.05  0.25 
!5  0.0  5 0.30 

61  0.05  0.35 

7 0.05  0.40 

8 0.05  0.45 
0.0  5 0.50 

- 0.05  0.55 

» 0.05  0.60 

12 - 0.05  0.65 
» 0.05  0.70 

M 0.05  0.75 
15 . 0.05  0.80 
16  0.05  0.85 

i”  0.05  0.90 


19  0.10 
“ 0.10 
21  0.10 
P 0.10 
P 0.10 
H o.io 
i25  6.  in 

26  9 . 1* 

27  0.  1 0 
28roTio 

0.10 
1 0.10 
If  0.10 

I 0.10 

l 0.10 
i o.io 
! o.io 

y 0.10- 

0. 10 
! 0. 15 
0.15 
0.15 
0.  15 
: 0.15 


0 . 05 
0.10 
0.  15 
0. 20 
0.25 
0.30 
0.35 
0.40 
0.45 
0.50 
0.55 
0.60 
3.65 
0.70 
0.75 
9. 80 
0.85 
■0.9Q 
0.95 
0.05 
0.13 
0.15 
3.20 


0.15  3.30 
0.15  0.35 
0. 15  3.40 
0.15  0.45 
0.15  3.53 
0.15  0.55 
3.  15  0.  60 
0.  15  0.65 
0.15  3.70 
0.15  0.75 
0.15  0. 80 
0.  15  0.85 
0.15  3.93 
0.15  0.95 
3.20  0.05 
0.  20  0.  13 


=30  N Y = 50 
Z1 

3.0514 

0.2059 

0.4008 

3. 6110 

3.7931 
0 . 8971 


0.9870 
3.9957 
0.9993 
0.9999 

1.0000 

1 .0330 

1 .0000 

1.0000 

1.0000 

1.0330 

1 .0000 

1 .0000 
3.0993 
3.0592 
0.1423 
0.2840 
3.4662 
3.654  1 
0.8096 
0.9117 
0.9656 
3.9397 
0.9969 
0.9993 
3.9999 

1.0300 

1 .0000 

1.0000 

1.0330 

1 .0000 
0.2712 
0.0923 
0,0614 
0.1138 

3 . 39  9 4 

0.5373 
0.7529 
0.8718 
3.9427 
3.9782 
0.9930 
0.9982 
3.9996 
3.9999 
1 .0000 
1.0000 

1.0000 
1.0003 
0.4974 
0.2036 


LEVEL=0 . 05 
Z1 A Z2 


0.1380 
0. 3431 
0.5827 
3. 7819 
0.9078 
0.9593 
0. 9923 
3.  9986 

0. 9998 

1 .0000 

1.0000 

1.  3333 

1.0300 

1.0000 

1.0000 

1.  3300 

1.0000 

1.0000 
0. 1251 
3.  0500 
0. 1030 
0.2457 
0.  4467 
3.6543 
0.8205 
0.9246 
0.9753 
3.  9943 
0.9990 

0. 9999 

1.0000 

1.  0000 

1.0000 

1.0000 

1.0000 

1.  13333 

1.0000 
0.2837 
0.0985 
3.  3 503 
3.0892 
0.2010 
0. 3716 
0. 5683 
0.7479 
0.e785 
0.9534 
0. 9865 
3.9972 
0.9996 
1.3000 
1. 3300 

1.0000 

1.0003 

1.0000 
1.3333 
0.4731 
0.2197 


0.0946 
0.2556 
0.4761 
0. 6933 
0. 8488 
0.9370 
0.9783 
0. 9939 
0.  9986 
0.9998 
1 .0000 

1.0300 

1.0300 
T.OODO 

1 .0000 

1. 0000 

1.0300 
-1.0330 
0.1443 
0,0451 
0.0321 
0.2326 
0.3813 
3.5774 
0.7515 
0.8763 
0.94  83 
0.  9819 
0. 9948 
0.9938 
0.9998 

1.0000 

1.0030 

1.0300 

1 .0000 

1. 0000 

1.0000 
0.3242 
0.0951 
0.0457 
0.0791 
0.1756 
0.3277 
0.  5126 
0.6909 
0.8301 
0.9200 
0.  9583 
0.  9898 
0.9975 
0.9995 
0. 9999 

1.0000 

1.0330 

1.0000 

1.0000 
0. 5321 
0.2254 


0.  1041 
0.  2518 
0.4494 
C. 6494 
0.  8103 
C.  9148 
0.9692 
0.9914 
0.  9983 

0.  9998 

1.0000 

1.0000 

1.  0000 
1,  0000 
1.0000 

1.0000 

1. 0000 
1.  0000 
0.1557 
0.0500 
0.0870 
0. 1978 
0. 3626 
0.5515 
0.  7268 
0.  8593 
0.9406 
C.  980  2 
0.  9951 
0.  9992 

0. 9999 

1.0000 

1.0000 

1.  0000 

1.0000 

1.0000 

i.oocb 

0.  350  2 
0.  1133 
C.C500 
0.  0795 
C.  1712 
0.3149 
0.4910 
C. 6682 
0.  8150 
0. 9144 
0.9684 
0.  9912 
0.  9983 

0. 9998 

1.0000 

1. 0000 

1.  0030 
1.0030 

1.0000 
0.5529 
C.  2553 


Z1 

3.3085 
0.0857 
0. 2117 
3.3760 
0.5709 
0.7476 
0. 8738 
0.  9473 
0.9819 
0.9949 
0. 9988 

0,  9998 
1.3300 

1.0000 

1.0000 

1.300Q 

1.  3300 

1.0000 

1. 0000 
0.0150 
0.0  198 
0.0535 
0.1283 
0.  2579 
0.4302 
0.6150 
0.7750 
0.  3862 
0.  94  98 
0.9809 
0.  9940 
0.  9985 

0.  9997 

1.0000 

1.0000 

1.0000 

1.  3 030 
1 .0000 
0.0793 
0.3209 
0.3156 
0.0391 
0.  0988 
0. 2064 
9. 3605 
0.5354 
0.6967 
0.  3238 
0. 9 114 
0.9630 
0.9878 
0. 9970 
0.  9995 

0. 9999 

1.  3000 

1.0000 
1.3000 
0.2247 
0.0691 


LEVEL 

Z1A 

0. 010Q 
0.0434 
0.1538 
0.3420 
0 . 5646 
0.7615 
0.8952 
0,  9645 
0, 9912 
0.9985 

0.  9998 

1. 0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.  0000 

1.0000 

1.0000 
0. 0379 
0.0100 
0.0290 
0.0959 
0.2266 
0. 4134 
0.6184 
0.7942 
0.  9114 
0.  9710 
0.9933 
0.999C 

0.  9999 

1.0000 

-1.0000 

1.0000 

1.  0000 
1.  0000 

1 . 0000 
0.1172 
0.  0273 
0.0100 
0.0237 
0 . 0726 
0. 1726 
0.  3286 
0.5208 
0.7095 
0. 8562 
0.  9446 
0.9844 
0.9971 
0.  9997 

1.0000 

1.0000 

1.0000 

1,0000 

1.0000 
0.2471 
0.0821 


i=0»  0 1 

7 7 

0. 0055 
0. 0061 
0.0556 
0.1908 
0. 3914 
0. 6010 
0.7733 
0.8902 
0. 9560 
0. 9858 
0. 9964 
0. 9993 

0.  9999 
1.0000 
1 . 0000 
1.0000 

1.  GOOQ 
1.0000 
1.0000 
0.0507 
0. 0087 
0,0196 
0.0577 
0.1497 
0.  2916 
0.  4686 
0.6515 
0.8055 
0. 9094 
0. 9652 
0.9892 
0.9974 
0.9995 

0.  9999 

1. G0CQ 
1.0000 
1. 0000 
1.0000 
0. 1705 
0. 0909 
0. 0114 
0.0169 
0.0496 
0.1195 
0. 23 83 
0.  4030 
0.5863 
0.7523 
0. 8736 
0. 9467 
0.9821 
0. 9955 
0.  9992 
0. 9999 
1.0000 
1 .0000 
1 . 0000 
Q. 3609 
0.  1245 


Z2A 

0.0100 
0.0266 
0. 0856 
0. 1980 
0. 36 08 
0.  5487 
0.7252 
0. 8599 
0.9425 
0. 9819 
0.9960 

0. 9994 
_1_.  0000 

1 . 0000 
1.00,00 

1.0000 

1 .0000 

1.  coco 

1.0000 
0.0556 
0.0100 
0.0218 
0.0647 
0. 1501 
0.2842 
0.4556 
0.6362 
0.7929 
0.9032 
0. 9646 
0.9905 
0.9983 

0. 9998 

1.0000 

1.0000 

1 . 0000 

1 . 0000 

1.  0000 
0. 1726 
0,0344 
0.01:00 
0. 0196 
0.0546 
0.  1258 
0.2421 
0. 3996 
0,.  5773 
0.7438 
0.8712 
0.  94 88 
0. 9849 
0.9970 
0, 9996 

1. 0000 
1. 0000 

1.0000 

1.0000 
0,3372 
0. 1074 
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0.2" 

3.15 

0.0800 

0.0870 

0.0900 

0.0958 

0.3198 

0. 0229 

0.0352 

0. 0269 

0.20 

0.20 

0.0570 

0.0500 

C.0503 

0. 0500 

0.0141 

0.0103 

0,0115 

0.  0100 

■ -.CL.  2 CL 

0. 25 

-JLrliLlS- 

0.0821 

0.0760 

0.  0755 

0.0337 

0.0211 

0.0158 

0.0184 

1 

0.20 

0.30 

0. 2099 

0.1761 

0.1610 

0.1560 

0.3854 

0. 0605 

0.0431 

0.0489 

7 

0.20 

0.35 

0.3553 

3. 3262 

0.  3002 

0.2862 

0.  1792 

0.  1430 

0. 1053 

0.1119 

3 

0.  2£_ 

n.<jo 

0.5437 

0.5107 

0.  4730 

0.  4526 

0.3121 

0.2779 

0.  2150 

0. 2174 

4 

0. 20 

0.45 

0.7082 

0.6934 

0.6470 

0.  6 28  5 

0.4681 

0.4560 

0. 3697 

0. 3654 

& 

0.20 

0.50 

3.8358 

0.  8392 

0.7936 

0.7829 

0. 5284 

0. 6463 

0.5475 

0.5399 

6 

".20 

0.55 

0.9197 

3.9321 

0.  8972 

0.8942 

0.  7726 

0. 8094 

0. 7169 

0.7114 

0.  20 

0 . 60 

0.9663 

0.9780 

0.9578 

0.  9588 

0.8824 

0. 9189 

C.  850  3 

0,.  8494 

8 

0.20 

0.65 

0.9883 

0.9949 

0.9852 

0.9878 

0.  9506 

0.9744 

0. 9354 

0. 9378 

9 

0.20 

0.70 

3.9968 

0. 9992 

0.9965 

0.9975 

0.9838 

0.  9945 

0, 9779 

0,9810 

10 

0.20 

0.75 

0.9594 

3.9999 

0. 9993 

0.  9997 

0.  9960 

0. 9993 

0.  9943 

0.9961 

" 

0. 20 

0.80 

0.9999 

1.0000 

0.9999 

1.0000 

0.9993 

1.0000 

0, 9990 

0. 9995 

12 

0.  20 

0,85 

1 .0000 

1.0000 

1.0330 

1.  0030 

0.  9999 

1 ,5000 

0,9999 

1,0000 

13 

0.20 

0.90 

1.0000 

1.0000 

1 .0000 

1*0030 

1.3000 

1.0000 

1.0000 

1.0000 

!<! 

0.20 

0.95 

1.0030 

1.3303 

1.0000 

1.0030 

1.3330 

1.0000 

1. coco 

1.0000 

.6 

0.  25 

0.05 

0 .7022 

0.6543 

0.7206 

C.  7234 

0.4272 

0.4134 

0,  5731 

0. 5154 

16 

0.  25 

0.10 

0.3826 

0.3868 

0. 41 39 

0.  4 367 

0.1729 

0.1830 

0,.  2648 

0. 2310 

0.25 

0.15 

3.  1721 

0.1869 

0.2037 

0.2085 

0.3579 

0. 0657 

0.0956 

0.0796 

„ 0.*.25_ 

0*20 

3.0770 

3. 0808 

0. 0377 

0.0856 

3.3  193 

0.0206 

Q*_0285 

0.0231 

« 

0.  25 

0.25 

0.0591 

0.0500 

0.0507 

0.0500 

0.0143 

0.0100 

0.0104 

0.0100 

20 

0. 25 

0.30 

0.1013 

0.0778 

0.0751 

0.0732 

0.0317 

0.0195 

0.0150 

0,.  0176 

0.25 

-0_«_35.  . 

_ 0,19.86 

0. 1609 

0.1535 

0.1468 

0.3763 

0. 0535 

0,0411 

O,045JL 

0.25 

".4  0 

0.3410 

3. 2974 

0.  2810 

0.2685 

0.  1545 

0.  1253 

0.  0998 

0 . 1 0,37 

23 

0.  25 

0.45 

0.5070 

0.4721 

0. 4435 

0.4283 

0.2693 

0. 2463 

0.  2024 

0. 2029 

?4 

Jlr.2_.5_ 

-1^5.0. 

0.6689 

0.6543 

0.6030 

0.4180 

0.4134 

0.3495 

0. 3455 

2b 

0.25 

0.55 

3.80  31 

0.  8092 

0.7711 

0.7621 

0.5857 

0.6021 

0.5256 

0.5185 

26 

0.25 

0.60 

0.8983 

3.  9146 

0.  8849 

0.8812 

3.7451 

0. 7745 

0.7000 

0,.  6934 

27 

0.25 

0.65 

0.9559 

_0i970J_. 

0.9523 

0.952  7 

0.3688 

0.8985 

0_»  8 40 1 

0, 8382 

8 

0.25 

0.7" 

0.9848 

0.9927 

0.9843 

0. 9858 

0.  9451 

0.9661 

0.9303 

0.9330 

29 

0.25 

0.75 

0. 9962 

0. 9988 

0.9961 

0.9971 

0.9820 

0.  9923 

0.9765 

0.9798 

30 

0.25 

0.80 

0.999  3 

0.9399 

0.  9993 

0.9996 

0.9957 

0*  9990 

0.  5945 

0.9960 

:r 

0.  25 

0. 85 

0.9999 

1.0300 

0.9999 

1.0000 

0.9994 

0.9999 

0.9992 

0.9996 

2. 

0.25 

0.90 

1.0000 

1.0000 

1.0330 

1.0000 

0.9999 

1.0000 

1.0000 

1.00.00 

33 

0.25 

.1*33 

_ 1.0000 

1.0000 

IjlOOOIL. 

1.0000 

1.3000 

1 -000.0 

1 . 0000 

1.0000 

33 

0.30 

0.05 

3.8474 

3.  8306 

0.  8575 

0.8458 

3.5326 

0. 5902 

0.7536 

0..6784 

3R 

0.  30 

".10 

0.5734 

0.5683 

0.  6135 

0.  6174 

0.3287 

0. 3286 

0.  4414 

0. 3907 

36 

1*10 

0.15 

0.3238 

0.3356 

0.  3682 

0.  3676 

0.  1410 

0.1490 

0*2004 

0. 1767 

0.30 

0.23 

3. 1623 

0.1677 

0.1820 

0.1814 

3.3542 

0. 0566 

0.0734 

0.0649 

38 

0.30 

0.25 

3.0836 

3.3773 

0.C817 

0.0809 

3.3  209 

0.0193 

0. 0233 

0.0209 

39 

0.  30 

0.30 

0,0627 

0.0500 

0.0515 

0.  0500 

0.0150 

0,0100 

0.0098 

0.0100 

10 

0.30 

0.35 

0 . 0Q96 

0.0751 

0.0747 

0.0718 

0.0291 

0.0186 

0.0153 

0.0172 

".30 

0.43 

3. 1869 

0.1513 

0.1468 

0. 1412 

0.0658 

0.  04  92 

0.0407 

0 . 0436 

0,30 

0.4  5 

3.317  1 

3. 2788 

0.  2670 

0.2579 

0. 1337 

0.  1144 

0.  0968 

0.0992 

0.30 

0.50 

C . 4740 

0.4467 

0.4269 

0.4142 

0.2428 

0.2266 

0. 1960 

0.1952 

0.3" 

0.55 

0.6346 

0.6282 

0.6330 

0.5889 

0,3939 

0.3863 

0,.  3420 

0. 3360 

a!' 

0.30 

0.63 

3.7765 

0.7887 

0.7622 

0.7514 

0. 5692 

0. 5737 

0.5191 

0.5098 

4‘ 

0.30 

0.65 

3.8839 

3 . 9 " 26 

0.  8799 

0. 8754 

3.7359 

0.7520 

0.6949 

0.6883 

«- 

0.  30 

0.70 

0.9514 

0.9556 

C. 9508 

0.  9507 

0.8642 

0. 8857 

0. 8379 

0,.  8373 

48 

0.30 

0.75 

0.9846 

C.9913 

0.9355 

0.  9856 

0.  9440 

0.9612 

0.9320 

0.9344 

49 

0.30 

0.83 

0.9965 

0.  9986 

0.9965 

0.9972 

0.98  28 

0.  9912 

0.9795 

0.9813 

so 

0.30 

0.85 

3.9995 

3.9999 

0.9995 

0.9997 

0.9964 

0,  9989 

0. 9961 

0.9967 

' 

0.  30 

0.90 

1 .0000 

1.0000 

1.0000 

1.  0000 

0.9996 

O. 9999 

0.9996 

0.  9997 

,2 

0.30 

0.95 

1.0000 

1 .0000 

1.0300 

1.  0030 

1.0000 

1.0000 

1.0000 

1. 0000 

53 

0.35 

0.05 

0.9323 

0. 9011 

0.9384 

0.9251 

0. 7963 

0.7491 

0.8771 

0.8084 

54 

0.35 

0.10 

3.7422 

3.7327 

0.7790 

0.7685 

3.5116 

0.  5020 

0.6198 

0.5611 

5S 

5.  35 

0.15 

0 . 5077 

0.5107 

0.5502 

0.  5435 

0.2754 

0.2779 

0.  3449 

0. 3153 

6b 

0.  35 

0.20 

0.3043 

0.3034 

0.  3244 

0.  3237 

0. 1308 

0.1290 

0.  1560 

0. 1454 

\ 

0.35 

_2_r_25 

3.  1612 

0.  1556 

0.1654 

0.164  4 

0.3553 

0.0511 

0.0600 

0.0562 
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0. 9797 

0.40 

0.90 

0.9397 
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0.97C4 

0.9151 
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0.7325 
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0.5013 
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0 .25 
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0.  30 

3.3113 
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0.3109 
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0.1352 
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.0  ,_35  .. 

3.1653 
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0.1614 
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0.  0538 

0.  0568 
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0.40 

0.0823 

0.0764 

0.0796 

0.  0766 

0.0243 

0.0190 

0.  0206 
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! 0.45 

0 .45 

0.057C 

0.0500 

0.0521 

0.0500 

0.0138 

0.0100 

0.0106 
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! 0.45 
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3.0857 

0.0760 

0.0776 
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0.0254 
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0.55 
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0.1551 

0.0643 
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0.0506 
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0.60 
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0.2988 

0.  3014 
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0.4936 

0.4881 

0.4379 
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0.2812 

0.2592 

G. 2592 

0. 2461 

0.45 

0.70 

0. 6823 

0.6890 

0.6804 

0.6721 

0.  4705 

0.4511 

0.4451 

0.4266 

0.45 

" .75 

: 0.8337 

0.3530 

0.  83  84 

0.8369 

0. 5796 

0.  6677 

0.6472 

0.6347 

0.  45 
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0.9397 

0.9508 

0.9397 

0.9404 

0.8491 

0.8500 

0.  8201 

0. 8193 

0.45 

0.85 

0.9859 

0.9893 

0.9859 

C.  9858 

0.  9491 

0.9558 

0.9361 

G. 9376 

".45 

0.93 

0.9984 
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0.9584 
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0.  9903 

0.  9930 

0.9887 

0.9872 
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0 .95 
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0.  9996 
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".  50 
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0.9996 
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0.  9993 

0.9974 

0.9968 

0. 9974 
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0.9929 

0.9938 

0.9929 
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0.9678 

0,9701 

0.9653 

0.9582 
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0.9568 

0.9617 

0.9558 

0.  9544 

0.3725 

0.  8760 

0.8524 

0 . 8526 

0.50 

0 .20 

0.3587 

0.8599 

0.  8587 

0.8577 

0.7070 

0.  6950 

0. 6643 
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".  50 

0.25 

0 .6935 
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0.  6934 

0.  6925 

0.4966 

0.4698 

0.  4547 
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■!  0.50 
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0.4956 

0.4987 

0.4947 

0.  4896 

0.2945 

0.2678 

0. 2688 

0. 2581 
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3.35 
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0.3031 

0.3070 

0.2987 
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0.1334 
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0.1579 

0. 1584 

0.  1633 
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0.0630 

0.0523 
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0.0842 
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TABLE:  FX  = 50 

N Y - 50 

LEVEL 

=0.05 

LEVEL 

=0.01 

PX 

PY 

Z1 

Z1A 

Z 2 

Z 2 A 

Z1 

Z1A 

Z2 

Z2A 

1+C1_ 

0.05 

0 . "53  9 

0.0500 

0.0934 

0.  0500 

0.0061 

0.0100 

0.0021 

0.0100 

' 

0.05 

3.10 

0.  1766 

3.1589 

0.1447 

0.1567 

0.0447 

0.0526 

0, 0322 

0.0513 

0.05 

0.15 

0.4219 

3.  3938 

0.  3931 

0.3832 

0. 1746 

0.  1879 

Q.  1562 

G . 1782 

’ 

0.  C5 

0.20 

0.6753 

0.6438 

0.6638 

0.  6240 

0.4053 

0.4023 

0.  3764 

0.  3759 

* 

0.05 

0.25 

0.8555 

0.8308 

0.8523 

0.  8094 

0.6580 

0.6336 

0.6225 

0,.  5925 

’ 

0.05 

0.30 

0. 949  1 

0.9362 

0.94  77 

0.9205 

0.  3436 

0.  8180 

0.8163 

0.7752 

0.05 

0.35 

0.9358 

3. 9815 

0. 9850 

0.9733 

0.9428 

0.  9291 

0. 9286 

0.8973 

7 

0.  oc 

0.40 

0.9369 

0,9960 

0.9965 

0.  9930 
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0.9779 

0,.  9624 

* 

0.05 

0.45 

0.9995 

0.9994 

0.9994 

0.  998  6 

0.  9960 

0.9958 

0. 9946 

0.9894 

.0.05 

0.50  ..... 

3.990? 

0.9999 

0.9999 

0.9998 

0.  9 993 

0. 9994 

0. 9990 

0.9978 

H, 

0.05 

0.55 

1 .0000 

1.0333 

1.0000 

1.0000 

0.  9999 

1,0000 

0. 9998 

0..9997 

0. 05 

0.60 

1 .0000 

1.0000 

1.0000 

1.0000 

1 .3000 

1.0000 

1. 0000 

1. OOOO 

" 

0.05 

0.65 

1 -0"00 

1 .0000 

1.0330 

1.0030 

1.0000 
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1. OOOO 

n 
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0.70 
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1. 0000 
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0.05 

0.75 
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1.3  300 

1.  0000 
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1 .0000 

. 0.  05 

n.ao 

1 .oooo 
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1.0000 

1.  0000 

1 .0000 
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1.0000 

16 

0.05 

0.85 

1.0000 

1.0000 

1.0030 

1.  0030 

1.0000 

1.00,00 

1.0000 

1.0000 

17 

0.05 

0.90 

1.0000 

1.0000 

1.0000 

1.0030 

1.3000 

1, 0000 

1.0000 

1.00C0 

18 

0. 05 

0 ,l95 

1.0000 

1.3030 

1.0000 

1,0000 

1.3000 

1.0000 

1 ,.0000 

1.0000 

19 

0.  10 

0.05 

0.1766 

0.1589 

0.  1447 

0.  1567 

0.0447 

0.0526 

0.0322 

0,.  051 3 

0.  10 

0.  10 

0.0594 

0.0503 

0.0506 

C.  053 0 

0.0098 

0.0100 

0.0075 

0.0100 

' 

0.10 

0.15 

0.  1278 

0.1180 

0.1230 

C.1169 

0.0  356 

0, 0350 
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0.0344 

rj 

0.1" 

0.20 

3.3976 

0.  29  30 
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0.2863 

0. 1315 

0. 1227 

0.1110 

0.1176 

0.  10 

0.25 

C . 5396 

0.5214 

0.5296 

0.  5057 

0.3088 

0.2869 

0.  2715 

0.  26  96 

0.  10 

0. 30 

0.7479 

0.7330 

0.7345 

C.  7115 

0.5279 

0.5024 

C.4851 

0. 4688 

0.10 

0.35 

0.8871 

0.8805 

0.8766 

0.8606 

0.7278 

0,7127 
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0,.  6692 

0.1" 

0.40 

3.9539 
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0.  9537 

0.9456 

0.8693 
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0.  1C 

0.45 
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1.0000 

1.0000 
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1 .0000 

1.0000 

1.0000 

1. oooo 

0.10 

3Ll90  _ 

1 .0""0 

1 . 0000 

1.0330 

1.  OODO 

1.0000 

1.0000 

1.0000 

1. oooo 

0.  1" 

0.95 

1.0000 

1.0000 

1 .0000 

1 . 0000 

1.3000 

1. 0000 

1 . oooo 

1.0000 

-ife 

0.1c 

0.05 
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0. 1562 
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0.0350 
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0.0091 

0.0100 
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44 

0.  15 

0.  35 

0.6711 
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0.9756 
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-.6 

o.  15 

0.55 

0.9434 

0.9961 

0.9926 

0.  9931 

0.  9715 
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0.9626 

** 

0.  15 

0.60 

0.9986 

0.9995 

0.9985 

C. 9988 

0.  9923 

0. 9962 

0.9898 

0.9904 
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0.15 

0.65 

0.9998 

1.  3033 

0.  9998 

0.9999 

0.9984 

0. 9996 

0. 9980 

0.9984 

0.  15 

0.70 

1 ."000 

1.0000 

1.0030 

1. 0000 

0.9998 

1.0000 

0.9997 

0.  9998 

0.  15 

0.75 

1 .""00 

1 .0000 

1.0930 

1.  0030 

1.0000 

1.0000 
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0.15 

0.80 

1.0000 

1.0000 

1 .0000 

1.0030 

1. 0000 
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1 .0000 
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0.85 
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1.  00  0* 
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1.3030 
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o.  15 

0.90 

1 .0000 
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1.0030 

1.  0000 

1.0000 

1.0000 
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1 , 00,00 

0.  15 

0.95 

1 .0000 

1 .0000 

1.C330 

1.  0000 

1.0000 
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1.0000 
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vl '1*20 

1+13 

0. 5753 

0.  6438 

0.6638 

0.6240 

0.4053 
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0.3764 

0.3759 
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0.10 

0.3076 

0.  2*33 
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0. 1315 

0.  1227 
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0.1176 
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A.  20 

4.  15 

0.1109 

0. 10  1 1 

0. 1057 

0.  1 C03 

0.0339 

0,0283 

0.  0265 

0.0279 

A.  20 

0. 20 

0.057  5 

0.0500 

0.0522 

0.0500 

3.0132 

0.  0100 

0.0098 

0.0100 

r.2  r 

n *23.... 

0.1023 

0.0921 

0.0928 

0.0915 

0.3301 

0. 0248 

0.  0240 

0.0245 

j 1 ! 0.20 

0.  30 

0.2277 

0.2135 

0. 2122 

0.  2096 

0.0887 

0.0789 

0.0750 

0.0763 

| 0.2C 

0. 35 

0.4126 

0.3931 

0.3934 

0.  38e2 

0.2058 
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0.  1802 

0,.  1817 

0.20 

_3*.47 

0.6115 

0.6088 

0.5953 

0.5901 

0. 3823 

0. 3670 

0.3431 

0.3433 

0.20 

0.05 

0 .78a  2 

0.  7908 

0.  771 9 

0.7690 

3. 5853 

0. 5767 

0. 5401 

0.5384 

o.20 

n c a 

0,9003 

0.9120 

0. 8948 

0.  8940 

0.7647 

0.7695 

C.  7289 

0. 7255 

: 0^20 

0.55 

0.9633 

0.9724 

0.9518 

C. 9620 

0.  8892 

G . 9034 

0.8708 

0.  8674 

0.2C 

0.60 

0.9897 

0.9940 

0.9895 

0.9900 

0.  9580 

0.  9710 

0.9521 

0.9506 

C .20 

0.65 
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0.9999 
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0.80 
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1 .0000 
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1. 0000 
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7.  20 

0.90 
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1.0000 

1.0909 

1. 0000 

1 .0000 

1.0030 
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0.95 
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1.0000 

1.0000 

1.00D0 

1.0000 

1 . 0000 

1.0000 

1. 0000 
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0,05 

0.8555 

0. 8308 

0.8523 

0.8094 

0.6580 

0. 6336 

0.6225 

0.5925 
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4. 1C 

0.5396 

0.5214 

0.  52  96 

0.5057 

0. 3088 

0. 2869 
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0.2696 

0.  25 
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C .2584 

0.2426 

0. 2439 
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0.0895 
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0.0921 

0.0928 
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0.  0301 

0.0248 
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0.25 

0.25 

0.0571 

0.0500 

0.0507 

0.0500 

0.3126 

0.0100 

0.0098 

0.0100 
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3.0867 

0,0868 
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0 . 3 27  1 

0.0228 
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C . 0226 

..  0,  25  0,35 

0,2053 

0.1954 

0.  1922 

0.1921 

0.0798 

0.0698 

0.0654 

0.0677 

0.25 

0.40 

0 . 3732 

0.3579 

0.3534 

0.  358  3 

0.1877 

0.1701 

0.  1586 
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0.25 

0.45 

0. 5688 

0. 5731 

0.5579 

0.5556 
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0.3330 

0.3122 
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, C_*25 

Q..50  . 

0.^503 

3.7620 

0. 7452 

0.7402 

0.5440 

0. 5385 

0.  5104 

0.5025 

0.25 

0.55 

0.8826 

0.8955 

0.8812 

0.  8765 

0.7269 

0.7391 

0.7087 

0. 6952 

0.  25 

0.60 

0.9568 

0.9660 

0.9565 

0. 9544 
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0.  8867 

0.8604 
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0,2  5. 

,1*65 
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0.9878 

0.  9492 
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0.70 

0.9975 
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0. 9858 
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% 25 

0.75 

0.9997 

0.9999 

0.9997 

0. 9998 

0.9973 
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0.9973 

0.  9974 
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Ju  8.0.  . 

1.0000 

1.0000 

1.0000 

1.  0000 

0.  9997 

1 .0000 

0. 9997 

0. 9998 

0.25 

0.85 

1.0000 

1.0009 

1.0000 

1.0000 

1.3000 

1. 0000 

1.0000 

1.0000 

0.25 

0.90 

1.0000 

1.  0330 

1. 0000 

1.0000 

1.3000 

1.0000 

1. 0000 

1 . 0000 

S.  25 

0.95 

1 .coco 

1.0009 

1.0000 

1. 0000 

1 .0000 

1.0000 

1.J3000 

1. 0000 

0.30 

0.05 

0.9491 

0.9362 

0.9477 

0.  9 20  5 

0.8436 

0.8180 

0. 8163 

0.7752 

0.30 

0.10 

0.7479 

0.7330 

0.7345 

0.7115 

0.  5279 

0. 5024 

0.4851 

0.4688 

0.3'' 

0 ,.13 

3.4633 

0. 4467 
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